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Abstract 
Background: Fish is an important food source for many Indigenous communities within the 
Dehcho and Sahtú regions of Northwest Territories (NWT). However, environmental toxicants, 
such as mercury (Hg), can bioaccumulate and biomagnify to reach detectable levels in fish, 
particularly among predatory fish species. From a public health perspective, Hg exposure and 
biomonitoring assessments are invaluable assets that can highlight potential risk factors and 
evaluate risks associated with Hg toxicity. With the current body of knowledge, exposure 
assessment models conservatively account for Hg bioaccessibility in fish to be 100% because of 
the limited information available. Past literature have also noted statistical differences in Hg 
bioaccessibility with respect to food source as well as food preparation methods. As such, there 
is a need for more Hg biomonitoring and Hg bioaccessibility assessments to elucidate the 
relationships between dietary and demographic determinants with respect to Hg exposure. 
Objectives: Hg biomonitoring component. 1) To determine internal Hg exposure levels (blood 
and hair) from six Indigenous communities in the Dehcho and Sahtú regions of NWT. 2) To 
conduct t-test analysis for internal Hg exposure levels with respect to sex. 3) To construct simple 
linear regression models between internal Hg exposure levels with the following factors: i) age 
ii) non-piscivorous fish consumption iii) piscivorous fish consumption.   
Hg bioaccessibility component. 1) To characterize Hg concentrations for uncooked and dried by 
smoking (dried/smoked) lake whitefish (Coregonus clupeaformis). 2) To determine Hg 
bioaccessibility in uncooked and dried/smoked lake whitefish. 3) To conduct t-test analysis to 
determine Hg concentration and Hg bioaccesibility differences between uncooked and 
dried/smoked whitefish. 
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Methods: Hg biomonitoring component. 150 Dene and Métis participants, between the ages of 
6-79, were recruited from Deline, Fort Providence, Hay River Reserve, Kakisa, West Point First 
Nation and Jean Marie River of NWT. Blood and hair samples were collected for internal Hg 
exposure assessments. Participants were also asked to provide demographic information and 
complete a food frequency questionnaire (FFQ) for describing potential determinants of Hg 
exposure. T-test analysis and log-linear simple regression models were used to identify 
individual relationships.  
Hg bioaccessibility component. Five whole lake whitefish (Coregonus clupeaformis) were used 
to investigate Hg bioaccessibility. Subsamples were subjected to two treatments: uncooked and 
dried/smoked. All dried/smoked and uncooked fish samples underwent a single phase (gastric 
only) IVBA model treatment. All Hg concentrations were expressed as wet weight and 
determined using an Ohio-Lumex portable mercury analyzer with pyrolyzer attachment. 
Results: Hg biomonitoring component. Hg levels in blood and hair were highly linearly-
correlated with one another (r= 0.854, p<0.05) and all of the participants had blood and hair Hg 
levels below 20μg/L and 6μg/g respectively. T-test analysis found no statistical differences 
(p>0.05) when comparing blood Hg levels of male and female participants (2.711 ± 2.616 µg/L 
and 2.667 ± 4.079 µg/L respectively) Similarly, T- test analysis found no statistical differences 
(p>0.05) when comparing hair Hg levels of male and female participants (0.868 ± 0.925 µg/L 
and 0.671 ± 0.866 µg/g respectively). According to the simple regression model’s findings, age 
was the only statistically significant factor and was positively associated with blood and hair Hg 
levels (B=0.020 and p<0.01; B=0.011 and p<0.01). Based on simple regression model’s findings, 
piscivorous fish consumption was not significantly associated with either Hg levels found within 
blood and hair (B= 0.068 and p>0.05; B= 0.023 and p>0.05). Similarly, non-piscivorous fish 
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consumption does not appear to be significantly associated with blood and hair Hg levels (B= 
0.022 and p>0.05; B= 0.035 and p>0.05) 
Hg bioaccessibility component. After culinary treatment, dried/smoked whitefish samples 
retained, on average, 46% of their original mass (i.e., due to moisture loss). As a result of 
moisture loss, the initial Hg concentration in dried/smoked whitefish samples (0.194 mg/kg) was 
significantly greater (p=0.002) relative to uncooked whitefish samples (0.080 mg/kg). When 
comparing Hg bioaccessibility, dried/smoked whitefish (53%) was statistically lower (p< 0.001) 
compared to uncooked whitefish (102%). Despite the reduction in Hg bioaccessibility for 
dried/smoked whitefish, the bioaccessible Hg concentration in dried/smoked whitefish (0.101 
mg/kg) was significantly greater (p< 0.05) compared to uncooked whitefish samples (0.081 
mg/kg). The loss of moisture mass and the increased density of Hg within dried/smoked 
whitefish samples were likely responsible for the increase in total and bioaccessibile mercury in 
dried/smoked whitefish. As such, dried/smoked whitefish samples had greater amounts of Hg 
digested and solubilized in aqueous solution. 
Conclusion: Both simple regression and static IVBA models’ findings have provided additional 
information for characterizing Hg exposure among participating communities in Northwest 
Territories.  Based on the study population’s demographic determinants and dietary patterns, age  
is a key factor for understanding and predicting Hg exposure in the Northwest Territories. 
Bioaccessibility findings suggest source apportionment models that incorporate differences in Hg 
concentration between raw and smoked/dried fish may also need to account for the 
corresponding difference in bioaccessibility. For further generalizability of IVBA model’s 
findings, additional in vitro bioaccessibility studies using different fish species are needed. This 
research is important because it highlights dietary factors, such as cooking method, are 
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potentially important to human exposure. Inclusion of such factors to source apportionment 
model may help further characterize the relationship between internal Hg exposure levels 
detected in biomarkers and the external exposure estimates.  
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1. Introduction 
Mercury (Hg) is a metallic chemical element that can be found in all parts of the world 
(Donaldson et al., 2010; Sheehan et al., 2014). Mercury is present in the atmosphere through 
natural processes, such as weathering of soil and rocks, volcanic activity and forest fires, and 
also through anthropogenic processes, such as coal combustion, smelting operations and waste 
incineration (Roman et al., 2011). As such, inorganic mercury (iHg) and organic mercury, 
primarily of methylmercury (MeHg), can both be found circulating in the human body (Bernhoft, 
2012; Hong et al., 2012; Park and Zheng, 2012). MeHg has the capability to bioaccumulate 
within the aquatic food chain and concentrations are biomagnified amongst predatory fish 
species (Cott et al., 2016; Power et al., 2002; Wagemann et al., 1998). Past literature have also 
shown that dietary consumption of fish was positively associated with increase levels of blood 
and hair Hg concentrations (Kim et al., 2016; Oken et al., 2008; Schaefer et al., 2014). Through 
dietary consumption of fish, Hg’s toxicodynamic effects can present a great concern to health of 
the general public (Clarkson et al., 2003; Kim et al., 2016; Oken et al., 2008; WHO, 1991).  
When it comes to toxicokinetics-related research, it is important to understand both the 
contaminant’s source as well as its bioavailability and bioaccessibility properties (Fernández-
García et al. 2009). As such, these factors can refine human exposure assessments. In general, 
consumption of fish consumption is one of the main dietary routes for Hg exposure in humans 
(Siedlikowski, 2015). As such, Hg exposure assessments typically include dietary surveys and 
account for fish consumption patterns (Schaefer et al., 2014; Siedlikowski et al., 2016). Exposure 
assessments typically assume Hg bioavailability to be 100% as a conservative default 
(Siedlikowski et al., 2016). As such, exposure models conservatively assume that nearly all of 
the dietary Hg has been absorbed into systemic circulation, despite past literature have found a 
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negative correlation between initial Hg concentration in seafood and Hg bioaccessibility 
(Siedlikowski et al., 2016). Furthermore, studies have shown that Hg bioaccessibility can vary 
between fish species and with different cooking methods (Costa et al., 2015; Ouédraogo and 
Amyot, 2011; Siedlikowski et al., 2016). 
Mercury toxicity is a potential concern for the Dene and Métis communities residing in 
the Dehcho and Sahtú regions of Northwest Territories (NWT) because almost half of the 
territory’s population fish for either sustenance or recreation (NWT Bureau of Statistics, 2016). 
In terms of nutritional composition, wild-harvested freshwater fish is an important source of 
protein, omega 3-fatty acids and essential micronutrients for Dene and Métis communities 
(Kuhnlein and Humphries, 2017; Kuhnlein and Receveur, 2007). Omega 3-fatty acids is known 
to possess anti-inflammatory properties as well as neuroprotective capabilities (Groeger et al., 
2010; Richardson and Montgomery 2005). In contrast, fish consumption patterns can also greatly 
influence Hg levels detected in these communities (Van Oostdam et al. 2005; Wheatley and 
Paradis, 1995). Once Hg is circulating within the body, it can lead to the development of 
cardiovascular disease, neurocognitive and sensory impairments (Carta et al., 2003; Houston, 
2011). Furthermore, MeHg can cross the placental blood barrier, affect neonate development, 
leading to cognitive impairment among exposed children (Axelrad et al., 2007; Carta et al., 
2003).  
Firstly, this Hg cross-sectional biomonitoring study is part of a larger, ongoing 
interdisciplinary project within NWT. This research characterized blood and hair Hg exposure 
for 6 Indigenous communities within the Dehcho and Sahtú regions. In addition, this thesis 
project specifically investigated and highlighted key information about the study population’s 
wild-harvested freshwater fish consumption and demographic patterns. Using R 3.5.1 open-
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source program, simple regression models were developed in order to characterize and predict 
estimates for Hg exposure in the Dehcho and Sahtú regions. This project lays the foundation for 
assessing the relationship between an individual’s blood and hair Hg level with respect to 
country food intake, particularly fish consumption patterns, in the Dehcho and Sahtú regions of 
NWT. Beyond this project, regression models can become more refined by increasing the study 
population which will improve the model’s accuracy for predicting and characterizing an 
individual’s exposure to Hg. This research may serve as a tool to explore as well as identify the 
relationship between external Hg exposure sources found in the environment with internal 
exposure levels found within the individual. 
Secondly, this work analyzed Hg concentrations and bioaccessibility in store bought 
whitefish. This research choose to analyze whitefish because it is one of the more commonly 
consumed wild-harvested freshwater fish in NWT (Kuhnlein et al., 1994; Morrison and 
Kuhnlein, 1993). Whitefish samples were subsections into two different culinary treatment 
methods, uncooked and dried through smoking (dried/smoked). To characterize Hg 
bioaccessibility, uncooked and dried/smoked whitefish samples were treated in a single phase, 
gastric-only, static in vitro bioaccessibility (IVBA) model. Mercury content in initial and 
bioaccessible whitefish samples were characterized using a Hg analyzer RA-915M with 
pyrolyzer PYRO-915+. This research will also help provide more information about Hg 
bioaccessibility and improve the accuracy of Hg exposure estimates. Finally, findings from the 
Hg biomonitoring and Hg bioaccessibility research may help promote continued consumption of 
country foods. 
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2. Study Rationale 
 
The Dehcho and Sahtú regions are two of the five administrative regions within the NWT 
of Canada. Located in the western half of NWT, these regions include many different Indigenous 
communities. Not only do the Dene and Métis communities maintain a deep and profound 
connection with their environment for many generations, but they also are part of the local 
ecosystem through fishing, gathering, hunting and trapping (Beckford et al., 2010; Earle, 2011; 
Reading and Wien, 2009; Richmond and Ross, 2009). The Dene and Métis communities 
consume wild-harvested freshwater fish as part of their country food diets which includes species 
such as lake trout (Salvelinus namaycush), northern pike (Esox lucius), walleye (Sander vitreus) 
and whitefish (Coregonus clupeaformis) (Kuhnlein et al., 1994; Morrison and Kuhnlein, 1993; 
NWT Health and Services, 2002; Smith, 1982). Residents in Dene and Métis communities 
consume fish in a variety of ways, including boiling, drying, frying and smoking (NWT Health 
and Services, 2002). Consuming wild-harvested freshwater fish has many nutritional benefits as 
it is an important source of protein, omega 3-fatty acids and essential micronutrients (Kuhnlein 
and Humphries, 2017; Kuhnlein and Receveur, 2007). For example, omega 3-fatty acids possess 
anti-inflammatory properties as well as neuroprotective capabilities (Groeger et al., 2010; 
Richardson and Montgomery 2005). How fish consumption is also an external source for Hg 
exposure that can present a concern to the Indigenous communities in NWT (Government of 
Northwest Territories, 2016). Past literature have found positive associations between dietary 
exposure to MeHg and the development of cardiovascular disease, neurocognitive and sensory 
deficits (Carta et al., 2003; Houston, 2011). Studies have also shown that MeHg can cross the 
placental blood barrier which can lead to cognitive impairment among developing neonates and 
children (Axelrad et al., 2007; Carta et al., 2003). 
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Mercury toxicity is a potential concern for the Dene and Métis communities residing in 
Dehcho and Sahtú regions because of the importance of wild-harvested fish to the diets of 
residents (NWT Bureau of Statistics, 2016). Fish consumption patterns can influence internal Hg 
exposure levels detected in blood and hair biomarkers (Van Oostdam et al. 2005; Wheatley and 
Paradis, 1995). In a previous study, 38,571 Indigenous Canadians from 514 different Indigenous 
communities participated in a longitudinal Hg exposure study (Wheatley and Paradis, 1995). 
Research by Wheatley and Paradis (1995) noted that 23% (8,847 of 38,591) of the study 
population had blood Hg concentrations above Health Canada’s recommended Hg guidance 
level (20μg/L) (Statistics Canada, 2013). Wheatley and Paradis (1995) noted that most of the 
individuals with elevated levels of Hg came from communities residing within the northern 
regions of Canada, of which the Dehcho and Sahtú are included. As such, it is important to 
characterize the potential relationships between dietary and demographic determinants with 
respect to Hg exposure found within blood and hair biomarkers. 
As a potential source for dietary Hg, it is important to conduct Hg exposure assessments 
for various lakes within NWT and determine the levels of Hg found present within fish species. 
Studies have shown that various species of fish harvested from Great Slave Lake contain 
detectable levels of Hg (0.05-0.27 ppm) that were below 0.5ppm, the guideline values for 
commercial sale of fish (Cott et al., 2016, Evans et al., 2013). Mercury contaminant studies have 
also been conducted for the following lakes along the Mackenzie River which includes Big 
Island Lake, Deep Lake, Ekali Lake, Fish Lake, Gargan Lake, Little Doctor Lake, McGill Lake, 
Mustard Lake, Sanguez Lake, Tathlina Lake, Trout Lake, and Willow Lake (Evans et al., 2013; 
Laird et al., 2018; Reyes et al., 2017). Past literature have found non-piscivorous fish species, 
such as cisco (Coregonus autumnalis), lake whitefish (Coregonus clupeaformis) and longnose 
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sucker (Catostomus catostomus), caught from lakes along the Mackenzie River had Hg content 
below 0.5ppm (Evans et al., 2013; Laird et al., 2018; Reyes et al., 2017). In contrast, piscivorous 
fish species, such as lake trout (Salvelinus namaycush), loche (Lota lota), northern pike (Esox 
lucius), sucker (Catostomus catostomus) and walleye (Sander vitreus), can possess Hg levels 
well above 0.5ppm (Evans et al., 2013; Laird et al., 2018; Reyes et al., 2017). Past literature have 
also noticed a change in Hg content overtime as Hg levels detected in lake trout and loche from 
Great Slave Lake have increased during 1990-2012 (Evans et al., 2013). In response to the levels 
of Hg detected, there are fish consumption notices for various lakes within NWT that advise 
individuals to limit consumption of piscivorous fish species (Government of Northwest 
Territories, 2016).   
In order to fully characterize Hg exposure it is important to understand internal levels 
(e.g., biomarkers), their demographic and dietary determinants, as well as potential constraints 
(e.g., bioavailability) on exposure pathways. Previous studies have noted a relationship between 
the internal levels of Hg found in blood and hair biomarkers with external Hg sources such as 
fish consumption (Kim et al., 2016; Oken et al., 2008; Schaefer et al., 2014). Currently, exposure 
assessment models would conservatively assume Hg bioavailability to be 100% because of the 
limited site-specific information about Hg’s bioaccessibility. Previous studies have noted Hg 
bioaccessibility can vary between different foods (Laird et al., 2009; Siedlikowski et al., 2016). 
Past literature have found gastrointestinal Hg bioaccessibility to be independent from Hg 
concentration in country foods (Laird et al., 2009). In contrast, past literature have also found a 
negative correlation between initial Hg concentration in seafood and Hg bioaccessibility 
(Siedlikowski et al., 2016). Studies have also shown that cooking methods can affect Hg 
bioaccessibility in fish (Costa et al., 2015; Ouédraogo and Amyot, 2011). Therefore, there is a 
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need for more Hg bioavailability and Hg bioaccessibility findings to account for Hg 
bioavailability within exposure assessment models. 
Previous biomonitoring studies have identified positive relationships between 
demographic and dietary factors associated with an individual’s Hg levels. However, few of 
these studies have investigated these topics among Dene and Métis populations of the Northwest 
Territories. As such, this research project will address the current understanding about Hg 
exposure within the Dene and Métis communities of the Dehcho and Sahtú regions, by 
conducting both Hg biomonitoring and Hg bioaccessibility studies. Firstly, the biomonitoring 
component will characterize demographic information as well as fish consumption patterns for 
the participating Indigenous communities in the Dehcho and Sahtù regions. This research will 
then explore the relationships between demographic patterns and internal Hg exposure levels 
found within blood and hair samples. Similarly, this research will also attempt to identify 
relationships between piscivorous and non-piscivorous fish consumption patterns with respect to 
the community’s internal Hg exposure levels. Secondly, the bioaccessibility component will 
provide information about Hg concentration and Hg bioaccessibility in lake whitefish which is 
one of the most commonly consumed fish species within the Dehcho and Sahtú  regions of NWT 
(Kuhnlein et al., 1994; Kuhnlein and Humphries, 2017; NWT Health and Services, 2002). This 
research will also lay the foundation for how drying/smoking whitefish, may potentially 
influence Hg bioaccessibility. Overall, the bioaccessibility research findings may be important 
on a larger scale and it may be necessary to factor in Hg bioavailability into exposure assessment 
models. 
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2.1 Research Question  
For the Dene and Métis communities in the Dehcho and Sahtú regions, wild-harvested 
freshwater fish are consumed within their country food diets (Kuhnlein et al., 1994; Morrison 
and Kuhnlein, 1993). However, increased fish consumption is positively associated with blood 
and hair Hg levels (McDowell et al., 2004; Oken et al., 2008). It is important to further 
characterize the potential relationships between dietary and demographic determinants with 
respect to blood and hair Hg levels, particularly for the Dene and Métis communities in the 
Dehcho and Sahtú regions of NWT. As such, the following research questions were addressed in 
Part 1 (Chapter 4) of this two-part thesis: 
1.1 Individually, which demographic factors and fish species are associated (positively or 
negatively) with the blood and hair Hg levels found within the Dene and Métis 
communities from the Dehcho and Sahtú regions of NWT? 
1.2 Using the demographic dataset and FFQ, what dietary factors can account for the 
variances in blood and hair Hg levels found within the Dene and Métis communities from 
the Dehcho and Sahtú regions of NWT? 
Part 2 (Chapter 5) of this thesis project evaluated how culinary methods, specifically drying, 
can influence Hg concentrations and bioaccessibility. Part 2 of this provides complementary 
information for ongoing mercury exposure characterization in the Northwest Territories. As 
such, the following research questions were addressed in Part 2 of this two-part thesis: 
2.1 Does drying whitefish affect its initial Hg concentration, compared to uncooked? 
2.2 Does drying whitefish affect Hg bioaccessibility, compared to uncooked? 
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2.2 Research Objectives 
The following research objectives were divided up into two components, in order to answer the 
research questions mentioned above: 
Part 1 - Hg biomonitoring component. 
1.1 To determine internal Hg exposure (blood and hair) levels from six Indigenous 
communities in the Dehcho and Sahtú regions of NWT. 
1.2 To characterize the relationship between internal Hg exposure and sex, by conducting t-
test analysis. 
1.3 To construct simple linear regression models and identify the relationship between 
internal exposure with the following factors: i) age ii) non-piscivorous fish consumption 
iii) piscivorous fish consumption.   
Part 2- Hg bioaccessibility c omponent.  
2.1 To characterize Hg concentrations for uncooked and dried/smoked lake whitefish 
(Coregonus clupeaformis). 
2.2  To determine Hg bioaccessibility in uncooked and dried/smoked lake whitefish. 
2.3 To conduct t-test analysis to determine Hg concentration and bioaccessibility differences 
between uncooked and dried/smoked whitefish. 
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3. Literature Review on the Bioaccessibility and Biomonitoring of Methylmercury in 
Indigenous Communities 
3.1 Introduction 
This literature review has four distinct sections. Firstly, the current socio-demographics 
of Canada’s Indigenous populations, particularly Dene and Métis communities within NWT, are 
outlined and the current health patterns within these communities are described. The literature 
review also covers the current environmental contaminants present in the circumpolar region of 
Canada and mechanisms that explain the influx of local environmental toxicants. The literature 
review will also examine food consumption patterns and preparation methods used by 
Indigenous communities. 
 The second component of the literature review provides an overview of the existing 
research about anthropogenic sources, toxicokinetics and toxicodynamics of Hg. Within this 
section, this literature review will discuss about key concepts, which include bioavailability and 
bioaccessibility, as well as the properties and application of in vitro bioasccessibility (IVBA) 
models. Furthermore, this literature will review focuses on Hg’s mechanism of action in order to 
elicit cytotoxicity and highlights Hg’s ability to induce neurodegenerative symptoms, 
cardiovascular diseases, and immune-compromised effects from in vitro, in vivo and clinical 
studies. 
The third component of the literature review examines internal and external exposure 
assessment models. This literature review also identified the strengths and limitations of 
biomarkers that are commonly used for internal exposure assessments. Demographic and 
external exposure factors are also examined and how they may influence internal exposure 
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assessments. Furthermore, this literature review describes the application of biomonitoring data 
and exposure assessment models.  
3.2 Indigenous People of NWT and Canada 
The National Household Survey (NHS) data identified 1,400,685 people as Indigenous 
(i.e., identifying as First Nations, Métis, or Inuit), which represents 4.3% of Canada’s total 
population (Turner et al., 2011). During 2006 – 2011, the Indigenous population increased by 
232,385 and of the 1,400,685 Indigenous individuals, 60.8% identified themselves as First 
Nations, 32.3% as Métis, and 4.2% as Inuit (Turner et al., 2011). About 1 in 3 Canadians living 
in NWT are of First Nations descent, which makes them the largest ethnicity group in the area 
(Turner et al., 2011). There are more than 30 different communities residing within NWT, which 
can be subdivided into 6 regions including Beaufort Delta, Dehcho, Sahtú, South Slave, Tilcho 
and Yellowknife (NWT Bureau of Statistics, 2017, Receveur et al., 1997).  
3.2.1 Health Patterns within Indigenous Communities 
Indigenous communities are quite young in comparison when compared to the general 
population of Canada. In 2011, the median age for the Indigenous population was 28 years where 
as the median age for the rest of Canada was 41years (Adelson, 2005; Turner et al., 2011). 
Accordingly, 10.7% of the First Nations’ population are below the age of 5 and 28% are under 
the age of 14 while 5.5 % of Canada’s total population are below the age of 5 and 16.5% are 
under the age of 14 (Turner et al., 2011). Similarly, 5.5% of the First Nations’ population are 
above the age of 65 while for the rest of Canada, 14.2% of the total population is above the age 
of 65 (Turner et al., 2011). The younger age of Indigenous populations in Canada is due in part 
to higher fertility rates and shorter lifespans relative to the Canadian general population 
(Adelson, 2005; Turner et al., 2011; Van Oostdam et al. 2005). 
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 Chronic diseases, such as obesity, diabetes and cancer represent great concerns for both 
Indigenous as well as non-Indigenous communities (Bélanger-Ducharme, 2005; Hackett, 2005; 
Reading and Wien, 2009; Tjepkema, 2002). Currently, the obesity rates for youths between the 
ages of 12-17 are significantly higher in First Nations (26%) and Métis (28%) communities 
compared to non-Aboriginal youths (19%) (Gionet and Roshanafshar, 2015). Similar patterns 
were also noted for adulthood obesity rates when comparing First Nations (26%) and Métis 
(22%) communities with respect to the non-Aboriginal Canadians (16%) (Gionet and 
Roshanafshar, 2015). During 2007-2010, the prevalence of diabetes was higher in First Nations 
communities compared to non-Aboriginal population (Gionet and Roshanafshar, 2015). Previous 
studies have found a significant positive relationship between obesity and diabetes (Nguyen et 
al., 2011). The increased prevalence of obesity and diabetes may be related to a lack of exercise 
and a shift towards western diet, which is often high in fat and sugar (Earle, 2011; Reading and 
Wien, 2009). Additionally, there has been a decrease in consumption of traditional foods and 
reduction in traditional harvesting practices over time (Earle, 2011; Reading and Wien, 2009). 
Furthermore, rates of alcohol and substance increased in the later half of the twentieth century to 
present date (Hackett, 2005; Reading and Wien, 2009). With respect to smoking (which is 
associated with an increased rate of developing heart disease and lung cancer), Indigenous 
individuals are more than twice as likely to smoke (Pope III et al., 2011; Tjepkema, 2002). Past 
literature have found a positive association between smoking and neonates developing congenital 
abnormalities, such as neural tube defects, as well as higher infant mortality rates (Ray et al., 
2004; Smylie et al., 2010; Tjepkema, 2002).  
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3.2.2 Environmental Contaminants in the Circumpolar Regions of Canada 
The circumpolar region of Canada is defined as parts of Canada that lies between 55°N 
and the North Pole. This region encompasses the Arctic and subarctic regions of Canada and 
includes the Yukon, NWT, Nunavut and northern parts of Quebec and Labrador. During the mid 
20th century, the Arctic was perceived to be a pristine environment and it was assumed that any 
pollutants present would be diluted to the point that risks were negligible (Hansen and Van 
Oostdam, 2009; Odland and Nieboer 2012). However, this assumption did not account for 
natural phenomena that globally transport pollutants and drive the bioaccumulation and 
biomagnification of contaminants in northern ecosystems (Odland and Nieboer, 2012). Scientists 
have been monitoring contaminants in the Arctic region since the 1970’s and in 1991, the Arctic 
Monitoring and Assessment Programme (AMAP) was established to further characterize 
environmental toxicants in Arctic region (Hansen and Van Oostdam, 2009; Northern 
Contaminants Program, 2003). Past literature have shown that heavy metals, such as arsenic 
(As), cadmium (Cd), lead (Pb), and Hg, are present in the Arctic and capable of entering the 
local ecosystem (Evans et al., 2005; Kuhnlein and Chan, 2000; Larter and Nagy, 2000). Similar 
findings have also been observed for organochlorines, including dichlorodiphenyl-
dichloroethylene (DDE), dichlorodiphenyl-trichloroethane (DDT) and polychlorinated-biphenyl 
(PCBs) (Evans et al., 2005; Kuhnlein and Chan, 2000). 
Local anthropogenic sources, such as mining, smelting and industrial manufacturing have 
become major contributors to the release of contaminants in the surrounding Canadian Arctic 
regions (Donaldson et al. 2010; Hansen and Van Oostdam, 2009; Kuhnlein and Chan, 2000; 
Pirrone et al., 2010). However, for pollutants such as Hg, only a small fraction originates from 
the circumpolar regions of Canada (Hansen and Van Oostdam, 2009). In fact, natural phenomena 
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such as global distillation and thermohaline circulation pathways, account for most of the influx 
of Hg into Arctic regions of Canada (Donaldson et al. 2010; Mason et al., 1994; Hansen and Van 
Oostdam, 2009; Kuhnlein and Chan, 2000; Pirrone et al., 2010). 
Once present in the soil and water, pollutant deposits can bioaccumulate into the local 
ecosystems (Lockhart et al., 1992; Muir et al., 1999). This presents a great concern to the 
Indigenous communities in NWT (Government of Northwest Territories, 2016). Not only have 
they maintained a deep and profound connection with their local environment for many 
generations, but they also are part of the local ecosystem by partaking in traditional practices 
such as fishing, gathering, hunting and trapping (Beckford et al., 2010; Earle, 2011; Reading and 
Wien, 2009; Richmond and Ross, 2009). Studies have shown that various species of fish 
harvested from Great Slave Lake contain detectable levels of Hg (0.05-0.27 ppm) that are below 
heath guidance values of 0.5ppm (Cott et al., 2016, Evans et al., 2013). However, the levels of 
Hg detected in lake trout (Salvelinus namaycush) and burbot (Lota lota) from Great Slave Lake 
have increased from 1990-2012 (Evans et al., 2013). Additionally, there are fish consumption 
notices for various lakes within NWT that advise individuals to limit consumption of predatory 
fish species (Government of Northwest Territories, 2016). 
3.2.3 Dene and Métis Food Consumption and Preparation Patterns 
In Canada, food insecurity is an ongoing issue that the country faces. For the Indigenous 
communities residing in NWT, as a greater proportion of their population face food insecurity 
(11.4%) compared to the reset of Canada (8.3%) (Statistics Canada, 2013). In general, food is far 
more expensive in the Canadian circumpolar region than in the southern provinces of Canada 
(NWT Bureau of Statistics, 2015). As such, there is a need for subsidies (Galloway, 2017). 
Furthermore, the food price index for smaller communities, such as those found within the 
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Dehcho and Sahtú regions of NWT, can be 1.16 – 1.96x more expensive compared to 
Yellowknife (NWT Bureau of Statistics, 2015). Local markets within these communities are also 
typically lacking in terms of variety in selection (Galloway, 2017).  Perishable foods tend to be 
subpar because they are often damaged and/or spoilt prior to arriving at the local markets 
(Galloway, 2017). Even with subsidies, the cost of perishable foods acan put them out of reach 
for many in northern communities (Galloway, 2017). This results in increased sales and 
consumption of highly-processed, non-perishable foods that may be nutritionally lacking 
(Galloway, 2017; Richmond and Ross 2009). The presence of highly-processed foods have led to 
the disproportionally elevated levels of fat, salt and sugar consumption (Batal et al., 2004). These 
dietary patterns may have contributed to the increased incident rates of obesity and diabetes 
(Earle, 2011; Nguyen et al., 2011; Power, 2008; Richmond and Ross 2009). Although there has 
been an increase in consumption of store bought food, traditional food sources make up a 
significant portion of their diet and they are also culturally important for Indigenous 
communities (Batal et al., 2004). Additionally, the Dene and Métis communities continue to 
carry out these traditional practices, as they hold cultural importance (Donaldson et al., 2010; 
Van Oostdam et al. 2005).  
In terms of nutritional composition, traditional foods can supply a large source of protein 
and omega 3-fatty acids to Dene and Métis communities (Kuhnlein and Humphries, 2017; 
Kuhnlein and Receveur, 2007). Furthermore, they are also a source of certain nutrients, such as 
vitamins A, B, D, and E, as well as Copper (Cu), Iron (Fe), Magnesium (Mg), Potassium (K), 
Selenium (Se) and Zinc (Zn) (Donaldson et al. 2010; Fediuk et al. 2002; Laird et al. 2013; 
Kuhnlein et al., 2006; Kuhnlein and Humphries, 2017; Kuhnlein and Receveur 2007). However, 
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the consumption of some traditional foods may also pose health concerns related to Cd and Hg 
exposure (Cott et al., 2016; Larter et al., 2016). 
Generally, the Dene and Métis communities of the NWT rely less on agriculture and 
more on hunting, trapping and fishing (Food Safety Network, 2009; NWT Health and Services, 
2002). Dietary patterns can vary between Indigenous communities with respect to geographic 
location (Van Oostdam et al. 2005). The Dene and Métis communities consume a variety of fish 
(Kuhnlein and Humphries, 2017). Depending on their region, they may consume cisco 
(Coregonus autumnalis), grayling (Thymallus thymallus), inconnu (Stenodus nelma), lake trout 
(Salvelinus namaycush), loche (Lota lota), northern pike (Esox lucius), sucker (Catostomus 
catostomus), walleye (Sander vitreus) and whitefish (Coregonus clupeaformis) (Kuhnlein and 
Humphries, 2017; NWT Health and Services, 2002). The edible flesh portion of the fish as well 
as the head, liver and eggs are prepared by either boiling, drying, frying or smoking (Kuhnlein 
and Humphries, 2017; NWT Health and Services, 2002). Specific traditional food preparation 
methods of fish can vary between communities (Kuhnlein and Humphries, 2017). Consumption 
of beaver (Castor canadensis), caribou (Rangifer tarandus), moose (Alces alces), muskrat 
(Ondatra zibethicus), and various species of rabbits are also common (Kuhnlein and Humphries, 
2017; NWT Health and Services, 2002). The various cuts of meats and offal are prepared by 
either baking, drying, frying, roasting or smoking (Kuhnlein and Humphries, 2017; NWT Health 
and Services, 2002). In NWT, the Dene and Métis communities consume a variety of game 
birds, including goose, duck, ptarmigan, and grouse are commonly consumed (Kuhnlein and 
Humphries, 2017; NWT Health and Services, 2002). Prior to consumption, the feathered game 
can be prepared by either drying, freezing or smoking (Kuhnlein and Humphries, 2017; NWT 
Health and Services, 2002). Based on their region, some of the more commonly consumed 
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berries and wild greens include blueberries, cloudberries, cranberries, gooseberries, raspberries, 
Saskatoon berries, strawberries, dock, dandelion, fireweed and lamb quarters (NWT Health and 
Services, 2002). 
3.3 Mercury 
Mercury (Hg) is a metallic chemical element that can be found throughout all parts of the 
world (Sheehan et al., 2014). Hg and its derivatives can be differentiated into one of two 
categories: inorganic (iHg) and organic Hg (Nordberg and Aitio, 2008; Sheehan et al., 2014). 
Among iHg species, Hg can be further classified into several states, such as metallic mercury, 
mercury vapor, mercurous salt and mercuric salt (Nordberg and Aitio, 2008). In contrast, each of 
the organic Hg compounds include carbon-based substituents that are covalently attached to Hg 
(Nordberg and Aitio, 2008).  Methylmercury (MeHg), dimethylmercury (Me2Hg) and 
ethylmercury (EtHg) are some of the more common organic Hg derivatives, (Clarkson et al., 
2003; Nordberg and Aitio, 2008).  Although Hg toxicity is dependent on its state, dosage and 
route of exposure, its impact can be felt throughout the world. Due to the prevalence of Hg 
exposure, organizations such as the World Health Organization (WHO) considers Hg as one of 
the top 10 chemicals that presents a great concern to the general public (Burger et al., 2011; 
Clarkson et al., 2003; Sheehan et al., 2014).  This is particularly true for MeHg because it is 
among the most common, hazardous and bioavailable derivatives of organic Hg (Burger et al., 
2011; Clarkson et al., 2003; Sheehan et al., 2014).   
3.3.1 Mercury Sources  
There are two categories for Hg sources: anthropogenic and natural. Anthropogenic 
sources, such as mining, smelting and industrial manufacturing have become major contributors 
to the influx of contaminants in the Arctic regions of Canada (Donaldson et al. 2010; Hansen and 
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Van Oostdam, 2009; Kuhnlein and Chan, 2000; Lodenius and Malm, 1998; Pirrone et al., 2010; 
WHO, 1991). Additionally, iHg can be found worldwide in pigment dyes, food preservatives, 
antibacterial agents and cosmetics (Clarkson and Magos, (2006). Distant anthropogenic sources 
of Hg can either be circulated into the air through the process of global distillation or transported 
through the ocean’s thermohaline circulation pathways, prior to being deposited into the Arctic 
regions of Canada (Donaldson et al. 2010; Mason et al., 1994; Hansen and Van Oostdam, 2009; 
Kuhnlein and Chan, 2000; O’Driscoll, 2005; Pirrone et al., 2010).  
3.3.1.1 Mercury Exposure in Food 
One of the main routes of exposure for MeHg in humans is through dietary consumption, 
particularly of fish and seafood (Burger et al., 2011; Golding et al., 2013; Gribble, et al., 2015; 
Hu et al., 2014; Kuhnlein and Chan, 2000; Laird et al., 2009; Laird and Chan, 2013; Ysart et al., 
2000). In fact, more than one billion people worldwide rely on seafood as their main protein 
source with the global capita seafood consumption increasing from an average of 9.9 kg in the 
1960’s to 20 kg in 2014 (FAO State of World Fisheries and Aquaculture, 2016). There are 
various groups of reducing bacteria that methylate iHg into MeHg which allow for MeHg to 
bioaccumulate into aquatic species (Compeau and Bartha, 1985; Kerin et al., 2006). Through the 
process of MeHg biomagnification and bioaccumulation, fish and seafood consumption are often 
the primary sources of human dietary MeHg exposure (Power et al., 2002; Ysart et al., 2000). In 
North America, it was found that the ten most frequently consumed types of seafood were 
salmon, shrimp, white tuna canned in water, tilapia, light tuna canned in water, fresh tuna, cod, 
crab, halibut, and scallops (Afonso et al., 2015; Cabañero et al., 2007; Calatayud et al., 2012; 
Costa et al., 2015; Ouédrago and Amyot, 2011; Wang et al., 2013). Even though dietary Hg 
predominantly comes from fish that does not mean other dietary sources of MeHg are negligible 
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(FDA, 1999; Horvat et al., 2003; Lindenberg et al., 2004; Ysart et al., 2000). Within the western 
parts of NWT, Bluenose caribou are capable of carry considerable amount of Hg burden within 
their kidneys (10.45μg/g) (Larter and Nagy, 2000). 
3.3.2 Toxicokinetics of Mercury 
 MeHg must first enter the body before it can elicit its toxicodynamic effects. 
MeHg is not only readily absorbed through the gastrointestinal tract but it can also efficiently 
enter the body through epidermal contact and inhalation (Aberg et al., 1969; Hong et al., 2012). 
In the past, it was often assumed that MeHg has a general oral bioavailability of 95%-100% and 
can remain in circulation by binding to the cysteine (CYS) residues’ sulfhydryl substituents 
found on red blood cells (RBC)s (Aberg et al., 1969; Bradley et al., 2017; Kershaw et al., 1980; 
Miettinen, 1973). Studies have shown that MeHg’s bioaccessibility in fish can vary greatly and 
be less than 100%, based on various in vitro models findings (Bradley et al., 2017; Ouédrago and 
Amyot, 2011; Maulvault et al., 2015). After 15 minutes of ingestion, MeHg can be found 
circulating in the bloodstream by being covalently bound to sulfhydryl substituents of RBC, 
particularly the CYS 104 of the α-subunit and the CYS 93 and 112 of the β-subunit (Aberg et al., 
1969; Kershaw et al., 1980; Miettinen, 1973). Additionally, MeHg can achieve its peak blood 
concentration within 3-14 hr before it is deposited into the bone marrow, brain, heart, kidney, 
liver and spleen of the body through binding of CYS substituents (Aschner and Clarkson, 1987; 
Kerper et al., 1992; Yin et al., 2008). In order for MeHg to bioaccumulate into the brain, it must 
first form a complex with L-cysteine and L-methionine (Aschner and Clarkson, 1987; Kerper et 
al., 1992; Yin et al., 2008). Afterwards, the MeHg-complex can then be transported by the L-
type neutral amino acid carrier transport-1 (LAT-1) system in order pass through the blood brain 
barrier (BBB) and bioaccumulate in the cortex (Aschner and Clarkson, 1987; Kerper et al., 1992; 
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Yin et al., 2008). Furthermore, MeHg can use the LAT system to cross the placental barrier to 
affect developing fetuses by forming a complex with L-type neutral amino acid (Kajiwara et al., 
1996).In terms of oral digestion, approximately 7% to 15% of doses of iHg is absorbed in the 
gastrointestinal tract after ingestion making it 17- 15 times slower than MeHg absorption’s rate 
(Abernethy et al., 2010; Hong et al., 2012; Park, and Zheng, 2012). Inorganic Hg can readily 
enter through the lungs; inhalation of iHg vapors greater than1–2 mg/m3 can result in 
bronchiolitis and pneumonitis (Asano et al., 2000). Dermal absorption of iHg through the skin, 
sweat glands, sebaceous glands, and hair follicles is possible when applying ointments and 
medication containing inorganic mercury salts (Park, and Zheng, 2012).   
MeHg has an estimated half life of 80 days, with approximately 90% of it being 
eliminated through fecal excretion (Cikrt and Tichý, 1974; Jo et al., 2015; Nordberg and Aitio, 
2008).  However, there also appears to be enterohepatic circulation present for MeHg. 
Additionally, MeHg in the brain can also be bio-transformed through the process of 
demethylation. Although the enzyme responsible for demethylation is not fully elucidated, 
MeHg is slowly demethylated and lead to the bioaccumulation of inorganic Hg in the brain 
(Davis et al., 1994; Rooney, 2014; Yin et al., 1996). Throughout an individual’s entire lifetime, 
80-100% of the total Hg found throughout the brain is inorganic Hg with an average half life of 
27.4 years (Davis et al., 1994; Rooney, 2014; Yin et al., 1996). 
3.3.2.1 Bioaccessibility and Bioavailability 
In toxicokinetic-related research, it is important to understand a contaminant’s 
bioavailability and bioaccessibility properties. Bioavailability is the fraction of a parent 
compound or active metabolite that crosses the gastrointestinal epithelium, absorb into the 
organism’s circulatory system, remain chemically bioactive and reaches its target tissue or 
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receptor, for it to elicit its mechanism of action (Fernández-García et al., 2009). Bioaccessibility 
is the fraction of a compound that has been solubilized into gastrointestinal fluids during 
gastrointestinal digestion prior to crossing the gastrointestinal epithelium (Fernández-García et 
al., 2009). Bio accessibility and bioavailability play an important role in human risk assessments 
and Hg exposure (Bradley et al., 2017). Dietary sources and their estimated Hg concentrations 
are incorporated into exposure models, in order to predict exposure levels found present within 
the body (Bradley et al., 2017). Past literature have noted that such models may assume that 
nearly all of the Hg ingested is bioavailable because of how difficult it is to determine all of the 
quantitative factors with a high degree of certainty, albeit resulting in an overestimation of health 
risk associated with traditional country foods (ATSDR, 1999; Bradley et al., 2017; Laird et al., 
2009). 
In vitro bioaccessibility (IVBA) models are used to estimate a nutrient or toxicant’s 
bioavailability which is required for nutritional efficiency and human exposure risk assessments 
(Alminger et al., 2012). In order to determine the bioavailability of a compound, it is also 
necessary to determine its rate of absorption, metabolism, tissue distribution and bioactivity 
(Fernández-García et al. 2009). One may be able to determine the maximum bioavailability of a 
compound by evaluating its bioaccessible fraction as the conservative estimate. Therefore, IVBA 
models can act as a surrogate to determine a toxicant’s bioaccessibility, which may represent a 
theoretical maximum for bioavailability (Siedlikowski et al., 2016; Versantvoort et al., 2004).  
Toxicology researchers can use several static IVBA methods to determine a toxicant’s 
bioaccessibility (Glahn et al., 1999; Hur et al., 2011; Ouédraogo and Amyot, 2011). Static IVBA 
models propose certain fixed conditions, which include the quantity as well as the concentration 
of enzymes, nutrients and bio-activated compounds orbiting in a constant angular velocity (Hur 
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et al., 2011). Although there may be multiple steps to represent the oral, gastrointestinal and 
intestinal digestion, most of the enzymatic processes occur within a single bio-reaction chamber 
(Hur et al., 2011). Compared to in vivo bioavailability models, static IVBA models are overall 
less costly to operate and easier to maintain (Boisen and Eggum, 1991; Glahn et al., 1999). 
However, human digestion is naturally a dynamic process rather than being constant in terms of 
chemical and environmental parameters (Alegría et al., 2015). This can limit the effectiveness of 
static IVBA models and its ability to serve as preliminary bioavailability estimates (Hur et al., 
2011; Boisen and Eggum, 1999).  
Dynamic IVBA models such as the Simulator of Human Intestinal Microbial Ecosystem 
(SHIME) can provide an alternative methodology to estimating a contaminant’s bioaccessibility 
(Laird et al., 2009). Compared to static IVBA models, the SHIME model proposes multiple 
compartmentalization stages for digestion as well as incorporating the activity of human 
gastrointestinal microbiota (Laird et al., 2009). However, obstacles such as cost, logistics and 
maintenance can prevent models like SHIME from becoming popular to use. Additionally, both 
dynamic and static IVBA cannot truly mimic certain physical processes, such as shearing and 
peristalsis (Alegría et al., 2015). Although both dynamic and static IVBA models can achieve a 
certain degree of homogenization, through shaking or agitation, to represent the oral digestion 
phase, it is unable produce a bolus (Alegría et al., 2015). 
3.3.2.2 Factors that affect Bioaccessibility 
There are many important variables to consider, when conducting in vitro bioaccessibility 
research. The composition of biological macromolecules used in IVBA models play a significant 
role in determining a contaminants bioaccessibility and therefore, are extensively researched 
(Hur et al, 2011). Past literature have found biological macromolecules such as digestive 
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enzymes, bile salts and mucin are important within IVBA models (Hur et al., 2011). Looking 
more closely, lipase, protease and amylase are the three major groups of hydrolytic enzymes that 
are responsible for breaking down food (Hur et al, 2011). There are other important 
physiochemical properties that can influence a contaminant’s bioaccessibility which include 
solid food sample/ digestion liquid (S/L) ratio, degree of agitation, digestive-stage duration and 
pH (Drexler and Brattin, 2007; Hur et al., 2011; Shi et al., 2017). Finally, food composition and 
preparation methods can influence IVBA findings (Ouédraogo and Amyot, 2011). 
Lipase can be found in the stomach and pancreas as either gastric lipase or pancreatic 
lipase, which break down triglyceride and diglyceride molecules into monoglyceride and free 
fatty acid molecules that could further be broken down (Hur et al., 2011; Kimura et al., 1982). 
Additionally, pancreatic lipase activity is dependent on colipase, calcium and bile salts 
(Erlanson-Albertsson 1983; Kimura et al., 1982). Bile salts are secreted into the duodenum 
during the fed state and can be found in the duodenal and jejunal fluid with a peak concentration 
of 40mM and an average concentration between 5- 15 mM after digestion (Zangenberg et al., 
2001). As such, differences in commercially prepared lipases may lead to variances between 
bioaccessibility studies’ findings; commercial preparations of porcine pancreatic lipase are not 
standardized resulting in various enantiomers of the same hydrolytic enzymes with differing 
catalytic properties (Segura et al., 2004).  
Proteases are predominantly found in the stomach and intestine in the form of trypsin, 
chymotrypsin, pepsin and peptidase. At 37 °C, these enzymes are responsible for breaking down 
protein and peptide chains into either smaller peptide chains or amino acids (Bublin et al., 2008; 
Hur et al., 2011). A potential source of variance between different bioaccessibility studies is the 
variability in protease composition. IVBA models that have a gastric only phase and 3 types of 
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proteases can digest more protein (39-66%) compared to two-step digestion models containing 
pepsin and Pancreatin (Abdel-Aal et al., 2008).  
 Amylase is found in the mouth and stomach and is primarily responsible for 
deconstructing long-chained oligosaccharides into monosaccharides such as glucose. Out of all 
the forms of amylase found in the human digestive system, α-amylase is the ubiquitous and is 
readily added into IVBA models that include oral digestion (Hur et al., 2011). Aside from the 
presence or absence of α-amylase in the IVBA model, it is not fully elucidated whether or not 
amylase has an impact on other enzymes present and their catalytic activities (Hur et al., 2011). 
IVBA models can be designed to have a single stage (gastric only digestion), two stage 
digestion (gastric and intestinal-pancreatic digestion) or three stage digestion (oral-gastric-
intestinal and gastric-small intestine-colone digestion) (Hur et al., 2011). It is difficult to 
determine the how necessary it is to include oral digestion is in IVBA. The IVBA models cannot 
naturally produce a bolus, they utilize other physical process to homogenize food samples 
(Afonso et al., 2015; Afonso et al., 2016; Costa et al., 2015; He and Wang, 2011; Matos et al., 
2015). Aside from hydrolysis of oligosaccharides, the mouth’s α-amylase is not known to have 
any direct impact on the decomposition of protein and lipids (Hur et al., 2011). Similar to mucin 
and BSA, it is still included in IVBA models that are looking for potential interactions with other 
enzymes that have yet to be elucidated (Costa et al., 2015; Shim et al., 2009; Maulvault et al., 
2011; Cano-Sancho et al., 2015; Wang et al., 2013). Additionally, there may be differences in a 
compound’s bioaccessibility when comparing gastric only digestion and gastrointestinal 
digestion (Maulvault et al., 2011). For edible crab (Cancer pagurus), Cd is less bioaccessible in 
single step IVBA models (46%) compared to two-step IVBA (93%) (Maulvault et al., 2011). 
Alternatively, there are no statistical differences in Hg bioaccessibility between single-step and 
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two-step IVBA models, when using black scabbard fish (Aphanopus carbo) (Maulvault et al., 
2011).   
Based on the current body of knowledge, there are a myriad of indirect factors that 
influence IVBA findings, such as digestion solid food sample/ liquid (S/L) ratio, time and pH 
(Hur et al., 2011; Shi et al., 2017). Firstly, Shi et al. have reported that S/L ratio has a significant 
negative correlation with pyrethroids bioaccessibility in apples (Shi et al., 2017). Various 
digestion times were reported for each stage of IVBA models but 2-3hr was the most frequent for 
stomach, small intestine and large intestine stage while increase to the digestion time yielded 
zero significant difference in the bioaccessibility fractions ((Hur et al., 2011; Shi et al., 2017). 
Various pHs were reported for each stage of IVBA models but pH of 2 and 6.5-7 were the most 
frequent reported to be used for stomach and intestine stage respectively. Gastric pH can 
influence bioaccessibility estimates; for pyrethroids, it is most optimal to use IVBA models with 
a gastric phase pH of 1.91 (Shi et al., 2017). One indirect factor that is not well understood is 
agitation method and the degree of agitation (Alegría et al., 2015). Studies have found physical 
stressors to play a necessary role in human digestion, when comparing Pb relative 
bioaccessibility and bioavailability (Drexler and Brattin, 2007). Finally, methods of food cooking 
and preparation can affect bioaccessibility; boiling and frying fish can reduce Hg bioaccessibility 
compared to raw (Ouédraogo and Amyot, 2011). Furthermore, co-administration of tea or coffee 
with raw fish can also reduce Hg bioaccessibility compared to untreated (Ouédraogo and Amyot, 
2011). 
3.3.3 Toxicodynamics of Mercury 
Once circulating in the body, MeHg is capable of inducing cellular dysfunction as well as 
cytotoxicity. MeHg can cause cellular disruption to the mitochondria’s electron transport chain 
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(ETC) which leads to the production of reactive oxidative species (ROS) such as superoxide 
anion and hydrogen peroxide (Cordeiro, 2014; Mori et al., 2007; Shanker and Aschner, 2003; 
Stohs and Bagchi, 1995). ROS are capable of binding and forming adducts with proteins, DNA 
and phospholipid- bilayer that will affect the integrity and functionality of the cell. As a result, 
oxidizing agents such as superoxide dismutase (SOD) and glutathione peroxidase (GPX) are 
present within the cytoplasm to oxidize and eliminate ROS in order to prevent activation of 
intrinsic apoptosis pathway (Cordeiro, 2014; Stringari et al., 2008). In order for GPX to oxidize 
ROS, 2 glutathione (GSH) reactant molecules are required to be reduced during this redox 
process (Stohs and Bagchi, 1995; Stringari et al., 2008). As a result, water and glutathione 
disulfide (GSSG) molecules are created and GSSG must be reduced into 2 GSH molecules again 
by glutathione reductase (GR) which they will once again be used for reducing more ROS (Stohs 
and Bagchi, 1995; Stringari et al., 2008). However, not only can produce ROS, but MeHg can 
also covalently bind to GSH (Stohs and Bagchi, 1995; Stringari et al., 2008).  By oxidizing GSH, 
they form MeHg-SH which is water-soluble and can be excreted out of the body (Stohs and 
Bagchi, 1995; Stringari et al., 2008).   With decreased levels of intracellular GSH, it results in the 
cell having a reduced capacity to eliminate ROS and an overall increase in oxidative stress. 
Studies have shown that MeHg can impede GR and GPX activity and increase cellular oxidative 
stress (Cordeiro, 2014; Mori et al., 2007; Stringari et al., 2008).  
3.3.3.1 Neurotoxic Effects 
MeHg can be found within various lesions of the brain and, when present, it can induce 
neurotoxicity (Simmons-Willis et al., 2002). MeHg can cross the BBB and accumulates into the 
brain through LAT-1 and LAT-2 in order to elicit its neurotoxic mechanism (Simmons-Willis et 
al., 2002). ROS induced by MeHg can diffuse into adjacent neurons and induce neurotoxicity 
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through elevation of oxidative stress and apoptotic signals (Farina et al., 2003; Franco et al., 
2007). When MeHg is present in astrocytes, it can inhibit cell migration. Additionally, MeHg can 
affect VEGF secretion for the inhibition of neuronogenesis, as studies have shown that MeHg 
can potentially attenuate cytokine production and impair neuronal cells ability to respond to such 
ligands (Aschner et al., 1999; Bozoyan et al., 2012; Sass et al., 2001).  
3.3.3.2 Neurodevelopmental Effects 
MeHg is highly associated with cognitive impairments and behavioural abnormalities as 
well as being significantly associated with cerebral palsy (Carta et al., 2003; Harada, 1995). 
Additionally, humans who consistently ingest MeHg contaminated seafood can eventually 
develop Minamata disease (Harada, 1995).  This neurological disorder is comprised of many 
symptoms, which include ataxia, blurred visual, hearing deficiency, motor sensory dysfunction, 
speech impediment, seizures and tremors (Carta et al., 2003; Dolbec et al., 2000; Grandjean et 
al., 2010; Harada, 1995; Lebel et al., 1998). MeHg also plays a significant influence in early 
childhood neurocognitive development. Past literatures have found a negative relationship 
between children’s intelligent quotient (IQ) and the meHg levels detected in a mother’s (Axelrad 
et al., 2007; Cohen et al., 2005). Additionally, children with prenatal exposure to MeHg develop 
neuropsychological deficits in certain areas such as attention, linguistic capacity, memory and 
visuospatial abilities (Grandjean et al., 1997).  
3.3.3.3 Cardiovascular Effects  
MeHg can elevate the levels of oxidative stress of vascular endothelial and smooth 
muscle cells that can result in cardiovascular issues (Houston, 2011). Past literature has shown 
MeHg to be associated with increased risk for atherosclerosis, carotid obstruction, coronary heart 
disease, hypertension, ischemic events and myocardial infarction (Mozaffarian et al., 1999). 
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Studies have shown that individuals who are chronically exposed to Hg, such as miners and 
fishermen, have elevated levels of mercury in their body that is also significantly associated with 
hypertension and carotid intima-media thickness (Choi et al., 2009; García et al., 2007).  
3.4 Internal and External Exposure Estimates   
Exposure assessments provide critical information for estimating the human health risks 
of chemical stressors (Axelrad et al., 2007, Ye et al., 2016). Exposure assessments for toxicants 
can include a variety of measures, including those related to internal exposure (e.g., blood 
mercury in µg/L) and external exposure (e.g., mercury intake in µg/kg/d). Both measures of 
internal and external exposure provide critical and complementary information for risk 
assessment (Grandjean et al., 2010; Laird, 2017; Ou et al., 2018). For example, external exposure 
assessment models can help characterize Hg’s exposure sources while mercury biomarkers (e.g., 
in blood and hair) can document differences in exposure among and within populations (Laird, 
2017). 
Internal exposure estimates can quantify the amount of contaminant found present within 
the body (Suk et al. 1996). As such, internal exposure estimates identify the level of burden 
associated with an environmental contaminant by assessing potential biomarkers. Blood, hair, 
nail and urine are all potential biomarkers that are used to determine the total Hg and MeHg 
exposure levels found within an individual (McDowell et al., 2004; Morrissette et al., 2004; 
Sakamoto et al., 2015). Furthermore, human biomonitoring studies have also observed MeHg 
levels of newborns through MeHg cord as the toxicant can cross the placental barrier 
(Morrissette et al., 2004). External exposure estimates can describe community- and population-
level intake of toxicants from environmental and dietary sources (Suk et al. 1996). 
Environmental and dietary sources are dependent on the route of exposure, influencing how 
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toxicants are evaluated in their respective intake models (ATSDR, 2005). The general exposure 
dose equation for dietary exposure is the following:  
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐶𝐶 ∗ 𝐸𝐸𝐼𝐼 ∗ 𝐴𝐴𝐴𝐴 ∗ 𝐸𝐸𝐴𝐴
𝐵𝐵𝐵𝐵
 
Where EDI = Estimated dose intake, C= contaminant concentration, IR = intake rate of 
contaminated medium, AF = bioavailability factor, EF = exposure factor, BW = body weight of 
the individual (Anderson et al., 2005). When an individual faces a daily exposure to the 
contaminant, EF will equal to 1. For irregular exposure intervals, the exposure factor equation is 
used: 
𝐸𝐸𝐴𝐴 = 𝐴𝐴 ∗ 𝐸𝐸𝐸𝐸
𝐴𝐴𝐴𝐴
 
Where EF = exposure factor, F = frequency of exposure (days/years), ED = exposure duration 
(years), AT = average time of exposure (ED x 365 days/years) (Anderson et al., 2005). For 
dietary exposure assessment, these equations are an essential tool to quantify a toxicant’s risks 
associated with food consumption patterns (Kim et al., 2016; Oken et al., 2008). Dietary levels of 
exposure can be assessed with respect to the amount and frequency of food consumption (Health 
Canada 2007).  Additionally, the concentration and bioavailability of the toxicant is dependent 
on food source (Maulvault et al., 2011). Furthermore, environmental and dietary exposure can be 
used to estimate internal exposure levels (McDowell et al., 2004; Kim et al., 2016). Together, 
both internal and external exposure assessments are capable of characterizing risk associated 
with exposure to environmental contaminants and can assist with the development of TRVs 
(Health Canada, 2010).   
With each biomarker, there are strengths and limitations when determining internal 
exposure levels of Hg. Blood and hair biomarkers are capable of evaluating MeHg exposure in 
adults (Pirkle et al., 2016). In prenatal exposure, using maternal blood, cord blood and hair 
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biomarkers are considered to be the gold standard (Pirkle et al., 2016). Blood is considered to be 
the most accurate biomarker for adult and postnatal MeHg exposure (Pirkle et al., 2016). Blood 
biomarkers can evaluate MeHg exposure period of the past 3 months (Pirkle et al., 2016). 
However, infrequent or acute MeHg exposure may not result in an accurate approximation for 
mean MeHg blood levels over time (National Research Council, 2000). Hair is a less invasive 
option and can be easily preserved (National Research Council, 2000). Hair biomarkers can also 
be used to supplementary support blood measurements as both biomarkers are highly correlated 
(Pirkle et al., 2016). For hair analysis, it can evaluate Hg exposure for an additional month with 
each additional centimeter of hair (Pirkle et al., 2016). As such, hair analysis may be limited for 
individuals with short hair (Pirkle et al., 2016). Additionally, analysis may be affected by 
permanent hair treatments (Grandjean and Budtz‐Jørgensen, 2007). There is a 20 day delay 
between Hg exposure and excretion of the toxicant into hair (National Research Council, 2000). 
This makes hair biomarkers quite useful for retrospective Hg analysis (National Research 
Council, 2000). For prenatal Hg exposure, cord blood is capable of looking at Hg exposure, 
during the past week of gestation (Pirkle et al., 2016). Upon delivery, cord blood Hg levels are 
about 1.5 times higher than maternal blood (Pirkle et al., 2016).  
3.4.1 Factors Associated with Internal Exposure Measures 
There are a myriad of demographic and external exposure variables associated with 
internal measures assessments of Hg as there is cross-talk between these methods (McDowell et 
al., 2004). Demographic factors such as age, sex, and ethnicity are very important for predicting 
an individual’s blood or hair mercury concentration (McDowell et al., 2004; Kim et al., 2016; 
Oken et al., 2008). In terms of dietary patterns, past literature have shown fish and seafood 
consumption to be positively associated with internal Hg exposure (Kim et al., 2016; Oken et al., 
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2008). Environmental factors such as, alcohol use, amalgam filling, BMI, coffee and tea 
consumption, as well as smoking patterns can also influence internal Hg exposure levels 
(Golding et al., 2013; Gustin et al., 2017). Clinical epidemiological studies have also noted 
potential association between internal Hg exposure levels and socio-economic status such as, 
employment profession, gravidity, parity, and pregnancy status (Cusack et al., 2017; Kim et al., 
2016; Oken et al., 2008). 
3.4.2 Applications of Exposure Assessments 
Although not solely responsible, results from human biomonitoring studies and exposure 
assessments can assist with the development of a toxicant’s TRV and human health-based 
guidance values (Ewers et al., 1999). Health Canada has an established guideline for blood Hg 
values and recommends individuals to maintain Hg blood concentration below 20 µg/L (or 6 
mg/kg in hair), based on human toxicology and epidemiological studies (Health Canada, 2007; 
Legrand et al., 2010; Statistics Canada, 2013). Toxicological reference values are also used to 
identify a toxicant’s risk to human health and give rise to a toxicant’s provisional tolerable intake 
(Ewers et al., 1999). Tolerable daily intake estimates for Hg and MeHg differ between regulatory 
bodies (Ewers et al.,1999). For Joint Expert Committee on Food Additives (JECFA), the 
recommended daily provisional intake for MeHg is 0.23 μg/kg body weight (Grandjean et al., 
2010). In comparison, Health Canada’s recommended tolerable daily intake of MeHg for adults 
and children are 0.47 and 0.2 μg/kg body weight respectively (Pirkle et al., 2016). 
Health-based guidance values and TRVs can play a crucial role in drafting public health 
legislation and policies (Suk et al. 1996). According to Health Canada, Hg levels in fish are 
considered low or high if concentrations are below 0.2μg/g or above 0.5μg/g respectively (Pirkle 
et al., 2016). Consuming more than two servings (150g) of fish high in Hg (0.5 μg/g) a week can 
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result in an individual exceeding their recommended weekly provisional intake of Hg and 
chronic exposure may lead to experiencing toxicodynamic effects (Statistics Canada, 2013). 
Additionally, the Canadian Food Inspection Agency (CFIA) and Health Canada have issued 
advisories that permits commercial distribution of seafood with Hg concentrations below 
0.5mg/kg (Health Canada, 2007). Certain exceptions to this policy include escolar, orange 
roughy, marlin, tuna, shark, and swordfish, with the Hg threshold being 1mg/kg (Health Canada, 
2007). Furthermore, other pieces of literature have leveraged Health Canada’s guidelines for Hg 
exposure in order to draft intervention steps (Legrand et al., 2010). Publications, such as from 
Legrand et al., have also provided follow up recommendations with respect to an individual’s 
blood Hg levels and recommendations were stratified by age, sex, pregnancy status or of 
childbearing age (Legrand et al., 2010). 
3.5 Current Literature Gaps and Study Rationale 
Based on the current body of literature, Hg biomonitoring studies have identified 
relationships between dietary and demographic determinants with internal Hg exposure levels for 
various study populations. Studies have shown fish consumption patterns, such as frequency, 
species, and method of preparation, play a role and influence an individual’s Hg levels (Kim et 
al., 2016; Oken et al., 2008; Schaefer et al., 2014). The Dene and Métis communities consume 
wild-harvested freshwater fish as part of their country food diets (NWT Health and Services, 
2002; Smith, 1982). However, there are limited studies that have investigated about Hg exposure 
sources and potential burden it has on the Dene and Métis communities residing in NWT. As 
such, the proposed study will attempt to establish a baseline measure of Hg exposure specifically 
for the Dene and Métis communities in Dehcho and Sahtú. The key strength of this study is that 
it explores site-specific Hg exposure data to characterize the potential relationships between 
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dietary and demographic determinants with respect to Hg exposure, for the participating 
communities of Dehcho and Sahtú regions. 
Based on the current body of literature, studies have noted how important it is to 
characterize and account for dietary and demographic factors within their Hg exposure 
assessment models (Kim et al., 2016; Oken et al., 2008; Schaefer et al., 2014). Exposure 
assessment models would also account for Hg bioavailability within their calculations. However, 
there are still literature gaps with respect to Hg’s bioaccessibility and bioavailability properties. 
Studies have shown Hg bioaccessibility can vary between different foods (Laird et al., 2009; 
Siedlikowski et al., 2016). Studies have also shown that cooking methods, such as frying and 
boiling, can lead to Hg-protein complex denaturation and affect Hg bioaccessibility in fish 
samples (Costa et al., 2015; Ouédraogo and Amyot, 2011). As such, exposure assessment models 
conservatively estimate Hg bioavailability to be 100%. Therefore, the proposed study will 
attempt to identify Hg bioaccessibility in uncooked and dried/smoked lake whitefish. Whitefish 
is one of the most commonly consumed species of fish within the Dehcho and Sahtú regions 
(NWT Health and Services, 2002). Secondly, traditional fish preparation methods, drying and 
smoking, are also part of the Dene and Métis culture and may also be a potential factor that can 
influence their concentration of Hg. As such it may be important to address how drying fish, may 
potentially have an effect on the bioaccessibility of Hg. Therefore, the proposed study will 
attempt to provide more information Hg bioaccessibility, in order to remove the need to assume 
100% bioavailability within exposure assessment models. By incorporating bioaccessibility 
findings, future external exposure assessment methods may be able to provide better insight on 
the internal Hg exposure levels observed among the Dene and Métis communities. 
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4. Mercury Biomonitoring Study within the Dene and Métis Communities from the Dehcho 
and Sahtú regions of Northwest Territories  
4.1 Introduction 
Fish is an important traditional food source for the Dene and Métis communities because 
it is a large source of protein, omega 3-fatty acids and certain macronutrients (Kuhnlein and 
Humphries, 2017; Kuhnlein and Receveur, 2007). Within the geographic region, the Dene and 
Métis communities consume various species of fish which includes cisco, grayling, inconnu, lake 
trout, loche, northern pike, sucker, walleye, and whitefish (Kuhnlein and Humphries, 2017; 
NWT Health and Services, 2002). As such, variance in fish consumption patterns amongst 
Indigenous communities may be related to geographic location (Van Oostdam et al. 2005). The 
Dene and Métis communities consume various parts of the fish such as the flesh, head, liver and 
eggs (NWT Health and Services, 2002). Fish is commonly prepared by either boiling, drying, 
frying or smoking (Kuhnlein and Humphries, 2017; NWT Health and Services, 2002). 
Additionally, traditional food preparation methods of fish can vary between one community to 
another (Kuhnlein and Humphries, 2017).  
Consumption of fish may also pose health concerns related to Hg exposure (Cott et al., 
2016). Through the process of MeHg biomagnification and bioaccumulation, fish consumption 
are often the primary source of human dietary MeHg exposure (Power et al., 2002; Ysart et al., 
2000). Through dietary consumption of fish, Hg’s toxicodynamic effects can present a great 
concern (Clarkson et al., 2003; Kim et al., 2016; Oken et al., 2008; WHO, 1991). Once Hg is 
circulating within the body, it can lead to the development of cardiovascular disease, 
neurocognitive and sensory impairments (Carta et al., 2003; Houston, 2011). Furthermore, MeHg 
is capable of crossing the placental blood barrier and affecting development of neonates, 
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resulting in cognitive impairment among exposed children (Axelrad et al., 2007; Carta et al., 
2003). Therefore, Hg exposure assessments can help quantify the level of risks individuals and 
communities may be facing. Internal exposure estimates can provide more precise quantification 
of circulating levels of a toxicant within the body and the risk associated with this level (Suk et 
al. 1996). External exposure assessments can provide additional details on the particular sources 
likely to be contributing to these exposures (Suk et al. 1996). 
The primary objective of the present study was to characterize internal Hg exposure 
levels for the Dene and Métis communities of the Dehcho and Sahtú regions of NWT, by 
analyzing Hg in blood and hair biomarkers. In addition, this study explored the relationship 
between internal Hg exposure levels with respect to external Hg exposure factors, based on the 
demographic information and food frequency questionnaire provided by participants.  
4.2 Methods 
The following Hg cross-sectional biomonitoring study is part of a larger, ongoing 
interdisciplinary project. During 2016-2017, Dene and Métis participants were recruited from 
Deline, Fort Providence, Hay River Reserve, Kakisa, West Point First Nation or Jean Marie 
Reserve (Supplementary Figure A1). All of the participants were above the age of 6. Participants 
completed a “Food Frequency Questionnaire” (FFQ) survey through an iPad, in order to estimate 
traditional country food consumption patterns. Biological samples (hair, urine and blood) were 
also collected, in order to analyze internal levels of toxic metals (e.g. Hg, Pb, Cd), essential 
metals (e.g., Cu, Ni, Zn), fatty acids, persistent organic pollutants (POPs).  
4.2.1 Study Population and Participation Recruitment 
Participants of all sexes, family status and ethnicity were included. All participants were 
given and signed an informed consent form to be filled out, prior to participating the study. All 
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the participants had the opportunity to complete the FFQ survey and have their biological 
samples collected. Additionally, all participants were asked to provide individual demographic 
information (e.g., age and sex). Depending on which components of the project they participated 
in, participants may have spent up to 2 hours in the biomonitoring clinic. In recognition of this 
time commitment, each participant received a $25 gift card to a local general store 
(Northmart/Northern/Ehdah Cho Store). Furthermore, the participant were enter into a draw for a 
chance to win a $250 gift card to any Northmart Food and Retail Store.  
4.2.2 Biomonitoring Project Compliance 
The biomonitoring project has obtained ethics approvals from various authorities 
including, University of Waterloo (#20173 and #20950), the Stanton Territorial Health Authority 
for Human Research (29/12/2015), the Aurora Research Institute (#15560, #15775, #15966, 
#15977, #16021) and Health Canada (REB 2016-0022). In order to adhere to the required ethical 
integrity, all personal results were kept in confidentiality and anonymity. All participants were 
required to sign a written consent form. Participants between the ages 6-18 were asked to provide 
verbal consent while the parent/guardian of the minor was required to sign a consent form on 
their behalf. With their informed consent, participants provided biological samples of hair, blood 
and/or urine as well have the option to store in a biobank for up to 10 years. This allows for 
quantitative analysis of Hg in the present as well as the analysis of contaminants and nutrients in 
the future. In addition, no genetic or drug testing will be conducted on biological samples and 
any new findings will be provided to the community as they become available. Finally, 
participants had the right to decline answering any questions and withdraw from the study at any 
point. 
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4.2.3 Biological Sample Collection and Mercury Analysis Methods   
For participants who agreed to provide blood samples, a registered nurse drew blood 
from the antecubital vein of the anterior forearm with a 21G or 23G needle and syringe 
collection set (BD Eclipse, Becton Dickinson, Rutherford, NJ). Blood samples were collected in 
a metal-free plastic 6 mL-vacutainer green tube containing sodium heparin (BD Vacutainer™, 
Becton Dickinson, Rutherford, NJ) for whole blood Hg analysis. Blood samples were kept at -
20°C until stored at - 80°C in the biobank for further analyses. 
Mercury in blood samples was analyzed by Dr. Michèle Bouchard’s laboratory, from the 
Université de Montréal in the Department of Environmental and Occupational Health. Blood 
samples were sent through an argon plasma for quantification by an Agilent 7700 Series 
Inductively Coupled Plasma Mass Spectrometer (ICP-MS) to determine Hg concentration. Blood 
Hg analysis, accuracy and precision for blood Hg levels were determined using the following 
standard reference materials: INSPQ blood control QM-B-Q1409 and INSPQ blood control QM-
B-Q1505. The standard reference materials were ran at the beginning and end of every batch of 
20 samples, with no less than 5 blank runs in each sample batch. All blood samples were ran in 
triplicate. The limit of detection of Hg in blood samples was 0.020 ug/L.  
For participants who agreed to provide a hair sample, a small lock of hair was collected 
by a member of the research team using sterilized scissors. For individuals with short hair, small 
snips of hair were evenly collected from the occipital lobe and a sheet of paper was used to catch 
all the falling pieces of hair. For both long and short hair, samples were stapled to a polyethylene 
bag in order ensure that they were secure.  
Mercury in hair samples was analyzed by Dr.  Brian Branfireun’s laboratory (Biotron 
Analytical Services, University of Western Ontario). In this analysis, the 2 cm of hair (30 mg 
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minimum weight) most proximal to the scalp was used. Hair analysis was completed with a 
Milestone Direct Mercury Analyzer (DMA-80; Milestone, Sorisole, Italy) through thermal 
decomposition followed by atomic absorption spectroscopy, as outlined in U.S. Environmental 
protection Agency (US. EPA) method 7473. To validate the batch analysis, a standard reference 
material (IAEA-086) was run at the beginning and end of every batch of 20 samples, with no less 
than 5 blank runs in each sample batch. Certified reference materials were used to validate the 
method and percent recoveries were determined using the following: National Institute of 
Standards and Technology (NIST) 1566B, oyster tissue, NIST 2976, mussel tissue, NIST 2974a, 
freeze dried mussel tissue; National Research Council of Canada (US.NRC) DORM-3, fish 
protein; National Institute of Environmental Studies (NIES) No. 13, human hair; and 
International Atomic Energy Agency (IAEA) 086, human hair. Hair samples were ran in 
triplicate. The limit of detection of Hg in hair samples was 0.05 ng/g (0.05 µg/kg). 
Concentrations ratios between hair and blood is typically about 250-300:1 and therefore, hair 
may be better able to quantify low Hg exposures (US EPA, 2001; WHO, 1976).   
4.2.4 Food Frequency Questionnaire Methods 
Participants completed a FFQ e-survey through an iPad, in order to estimate traditional 
country food consumption patterns of study participants over the past year (Supplementary figure 
A-2). This frequency consumption window encompasses the 2-3 months Hg exposure detected in 
the blood and hair biomarkers. The FFQ sections were subcategorized based on food groups and 
cooking methods. Participants were also asked about organ consumption patterns for certain 
traditional foods. This master’s thesis analyzed consumption patterns for the cooked section for 9 
different fish species including: whitefish, inconnu, cisco, lake trout, loche, northern pike, 
grayling, walleye, and longnose sucker. Participants were asked to select any of the following 9 
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fish species they have consumed over the past year. When a fish species was selected, 
participants were asked to answer the consumption frequency with one of the four available 
responses: <1 day/week, 1-2 days/week, 3-5 days/week, or 6-7 days/week. When a fish species 
was not selected, participants were recorded to have consumed it 0 day/week. 
4.2.5 Mercury Exposure Analysis Methods 
For this project, a 2 sample T-test analysis was used to analyze the relationship between 
sex differences and Hg exposure levels found in blood and hair. The 2 sample T-test analysis 
was conducted using Excel 2017. The null hypothesis is that there is no significant differences in 
the dependent variables (Hg level in blood or hair) when comparing between male and female 
participants. While, the alternative hypothesis is that differences in the dependent variable are 
associated with sex differences.  
Based on participants’ demographic information, log-linear simple linear regression 
models were developed to model the relationship between age and Hg exposure levels found in 
blood and hair. Linear regression models were developed using the lm function in R version 
3.5.0. Additional packages were also used to visualize the data, which are available on cran (car, 
data.table 1.10.4-3, ggplot2 2.2.1, readxl 1.0.0, scales 0.5.0, stats 3.4.4, stargazer 5.2.1). For the 
simple regression models, the null hypothesis is that there is no significant association between 
age and the dependent variable (Hg exposure level in blood or hair). While, the alternative 
hypothesis is that the linear regression model that the age variable was significantly associated 
with the dependent variable. 
With respect to dietary consumption patterns, log-linear simple linear regression models 
were developed to model the relationship between fish consumption and Hg exposure levels 
found in blood and hair. Participants’ individual fish consumption patterns (cisco, grayling, 
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inconnu, loche, lake trout, northern pike, sucker, walleye and whitefish) were aggregated into 
one of two categories (piscivorous and non- piscivorous fish species) due to the infrequent 
consumption of certain fish species (Table 4-1). The consumption patterns for inconnu, lake 
trout, loche, northern pike, and walleye were aggregated into piscivorous fish consumption 
patterns. The consumption patterns for cisco, grayling, sucker and whitefish were aggregated 
into non-piscivorous fish consumption patterns. Example calculation for piscivorous and non-
piscivorous consumption patterns were made also available (Supplementary Table A1). The 
Regression models were developed using the lm function in R version 3.5.0. Additional packages 
were also used to visualize the data, which are available on cran (car, data.table 1.10.4-3, ggplot2 
2.2.1, readxl 1.0.0, scales 0.5.0, stats 3.4.4, stargazer 5.2.1). For the simple regression models, 
the null hypothesis is that there is no significant association between fish consumption 
(piscivorous or non-piscivorous fish species) and the dependent variable (Hg exposure level in 
blood or hair). While, the alternative hypothesis is that the linear regression model that fish 
consumption (piscivorous or non-piscivorous fish species) was significantly associated with the 
dependent variable. 
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4.3 Results  
4.3.1 Summary Statistics of Participants 
 150 participants provided demographic information, completed the FFQ, and provided 
blood and/or hair samples for Hg analysis. Observational findings were summarized in Table 4-
1. Summary statistics show that the study population ranged from the ages of 6-79. The average 
age was 42.7 years old. Of the 150 participants, 46 % identified as female and 54% as male. 39 
participants provided their blood for analysis; the median blood Hg level was 1.318 µg/L (IQR= 
0.457-3.522 µg/L) .With respect to the health based guidance values that Canada follows, all of 
the participants had safe blood Hg levels that were below the 20 ug/L threshold value (Table 4-1) 
(Statistics Canada, 2013). 132 participants had provided their hair for analysis; the median for 
Hg level in hair was 0.453 µg/g (IQR= 0.230-0.967 µg/g). Consistent with the results for blood, 
all of the participants had safe hair Hg levels that were below the 6 ug/g threshold (Table 4-1) 
(Statistics Canada, 2013). The fish frequency consumption patterns for participants were also 
summarized in Table 4-1. The three most frequently consumed species of fish were whitefish, 
lake trout and northern pike, which were consumed by 92%, 61% and 57% of the study 
population respectively (Table 4-1). As for the remaining 6 species of fish, less than half of the 
study population consumed them. Overall, the average consumption for each fish species ranged 
from 0.77-1.63 times a week. The average overall aggregate fish consumption - the frequency 
consumption of all 9 species - was 4.31 (± 3.86) times a week and was statistically higher 
(p<0.05) compared to the participants’ average general fish consumption (Supplementary Table 
A2). 
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Table 4-1. Summary statistics of participants’ demographic information, FFQ findings and Hg 
internal exposure levels 
 
Note: 1. Study population’s consumption frequency for a particular species of fish reported as a 
percentage; 2. Average fish species consumption, based on participants who consume that 
particular species; 3. Standard deviation for fish species consumption, based on participants who 
consume that particular species. 
 
4.3.2 Blood and Hair Mercury level Scatterplot  
To investigate the relationship between blood and hair Hg levels, a scatter plot and 
Pearson’s correlation coefficient was generated, based on participants who provided both blood 
and hair samples (Figure 4-1). Log-transformed blood and log-transformed hair Hg levels were 
highly linearly-correlated with one another (r= 0.854, p<0.05). All of the participants had blood 
and hair Hg levels below the threshold designated (Blood = 20μg/L and Hair = 6μg/g), based on 
the Health Canada’s guidance values (Statistics Canada, 2013).  
Demographic Statistic Frequency (N) Mean St. Dev. Pctl(25) Pctl(50) Pctl(75) 
Age 150 42.733 19.665 25.5  45 59.5 
Blood (µg/L) 39 2.693 3.245 0.457 1.318 3.522 
Hair (µg/g) 132 0.783 0.902 0.230 0.453 0.967 
FFQ Statistic Consumer (Con.) (%)1 Con. Mean 
(times/wk)2 
Con. St. 
Dev.3  
Pctl(25) Pctl(50) Pctl(75) 
Whitefish 92 1.63 1.62 0.50 1.50 1.50 
Lake Trout 61 1.28 1.43 0.50 0.50 1.50 
Northern Pike 57 1.19 0.97 0.50 0.50 1.50 
Walleye 40 1.13 0.91 0.50 0.50 1.50 
Inconnu 28 1.13 0.94 0.50 0.50 1.50 
Grayling 22 0.77 0.45 0.50 0.50 1.50 
Sucker 21 0.92 0.50 0.50 0.50 1.50 
Loche 15 0.89 0.82 0.50 0.50 1.25 
Cisco 7 1.25 1.09 0.50 1.00 1.50 
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Note: *HTL denotes the hair threshold value (log (6ug/g +1)) that Health Canada’s Guidance 
considers as safe/acceptable; **BTL denotes the blood threshold value (log (20ug/L +1)) that 
Health Canada’s Guidance considers as safe/acceptable. 
Figure 4-1. Scatterplot between blood and hair biomarkers.  
4.3.3 Blood and Hair Mercury Exposure T-Test Analysis 
Mercury levels in blood and hair did not differ between males and females (p>0.05, Table 
4-2, 4-3). For female participants, the average blood Hg level was 2.667 ± 4.079 µg/L whereas 
male participants had an average Hg blood level of 2.711 ± 2.616 µg/L. For female participants, 
the average hair Hg level was 0.671 ± 0.866 µg/g whereas the average hair Hg level for male 
participants was 0.868 ± 0.925 µg/L (Table 4-3).  
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Table 4-2. T-test for sex difference in blood Hg exposure levels.  
 
Sex Male Female 
Mean [Blood Hg] (ug/L) 2.667 2.711 
Stdandard Deviation (ug/L) 4.079 2.616 
Observations 16 23 
Difference between 
mean [Blood Hg] (ug/L) −0.044 
 
df 24  
t- value −0.037  
p- value 0.97  
 
Table 4-3. T-test for sex difference in hair Hg exposure levels. 
 
Sex Male Female 
Mean [Blood Hg] (ug/g) 0.671 0.868 
Stdandard Deviation (ug/g) 0.866 0.925 
Observations 57 75 
Difference between 
mean [Blood Hg] 
(ug/g) −0.197 
 
df 124  
t- value −1.257  
p- value 0.21  
4.3.4 Simple Linear Regression Models for Blood and Hair Hg Exposure Levels 
 
Based on participants’ demographic information, log-linear relationships between blood 
and hair Hg exposure levels and age were investigated using simple regression models 1 and 2 
(Table 4-4). Residual and scale-location plots for both linear regression models show 
homoscedasticity (Supplementary Figures A3-A4). Age was significant and positively associated 
with both blood and hair (B=0.020 and p<0.01; B=0.011 and p<0.01) (Table 4-3). Both simple 
regression models are statistically significant at accounting for Hg levels in either blood or hair 
(R2=0.22.7 and p<0.05; R2=0.338 and p<0.01) (Table 4-4).  
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Table 4-4. Results of simple linear regression models that were used to investigate relationships 
between Hg levels in blood and hair, and participant age. 
    
Model: 
Model 1 Model 2 
 
Dependent variable: 
         Log (Blood + 1)         Log (Hair + 1) 
 
Regression Coefficients: 
 B-Estimate (Std.) B-Estimate (Std.) 
Age 0.020 (0.006)∗∗ 0.011 (0.001)∗∗ 
B0-Intercept −0.001 (0.331) 0.001 (0.066) 
Observations 39 132 
AIC 78.5 74.9 
R2 0.227 0.338 
Adjusted R2 0.206 0.333 
Residual Std. Error 0.630 (df = 37) 0.316 (df = 130) 
F Statistic 10.857∗∗ (df = 1; 37) 66.409∗∗ (df = 1; 130) 
Note:  ∗p<0.05; ∗∗p<0.01 
   
Using participants’ FFQ data, log-linear relationship between non-piscivorous fish 
consumption and Hg levels in blood and hair were also investigated (summarized in models 3 
and 4 respectively in Table 4-5). Residual plots for both linear regression models show 
homoscedasticity, limited skewedness and absence of influential cases (Supplementary Figures 
A5-A6). Non-piscivorous fish consumption does not appear to be significantly associated with 
either Hg levels found within blood or hair (B= 0.022 and p>0.05; B= 0.035 and p>0.05) (Table 
4-5). Neither of the two regression models explain a significant amount of variation in Hg levels 
in blood and hair (R2=0.003 and p>0.05; R2=0.026 and p>0.05) (Table 4-5).  
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Table 4-5. Results of simple linear regression models that were used to investigate relationships 
between Hg levels in blood and hair, and non-piscivorous fish species frequency consumption. 
    
Model: 
Model 3 Model 4 
 
Dependent variable: 
Log (Blood + 1) Log (Hair + 1) 
 
Regression Coefficients: 
 
Non-
Piscivorous 
B0-Intercept 
B-Estimate 
(Std.) 
 
 
0.022 (0.066) 
 
0.993 (0.172)∗∗ 
B-Estimate 
(Std.) 
 
 
0.035 (0.019) 
 
0.425 (0.049)∗∗ 
Observations 39 132 
AIC 88.4 125.9 
R2 0.003 0.026 
Adjusted R2 0.024 0.018 
Residual Std. Error 0.715  (df = 37) 0.384 (df = 130) 
F Statistic 0.114 (df =  1; 37) 3.436 (df = 1; 130) 
Note: ∗p<0.05; ∗∗p<0.01 
 
Mercury levels in blood and hair were also not related to frequency of consumption of 
piscivorous fishes (models 5 and 6 respectively in Table 4-6). Residual plots indicated 
homoscedasticity, limited skewedness and absence of influential cases (Supplementary Figures 
A7-A8). According to the simple linear regression models 5 and 6, piscivorous fish consumption 
does not appear to be significantly associated with either blood or hair (B= 0.068 and p>0.05; B= 
0.023 and p>0.05) (Table 4-6). Neither regression models account for a statistically significant 
amount of variation in blood or hair Hg levels in blood and hair (R2=0.031 and p>0.05; R2=0.022 
and p>0.05) (Table 4-6).  
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Table 4-6. Results of simple linear regression models that were used to investigate relationships 
between Hg levels in blood and hair, and piscivorous fish species frequency consumption. 
 
    
Model: 
Model 5 Model 6 
 
Dependent variable: 
Log (Blood + 1) Log (Hair + 1) 
 
Regression Coefficients: 
 
Piscivorous  
B0-Intercept 
B-Estimate 
(Std.) 
 
0.068 (0.063) 
 
0.896 (0.171)∗∗ 
B-Estimate 
(Std.) 
 
0.023 (0.013) 
 
0.438 (0.046)∗∗ 
Observations 39 132 
AIC 87.3 126.4 
R2 0.031 0.022 
Adjusted R2 0.005 0.014 
Residual Std. Error 0.705  (df = 37) 0.385 (df = 130) 
F Statistic 0.188 (df =  1; 37) 2.902 (df = 1; 130) 
Note: ∗p<0.05; ∗∗p<0.01 
 
4.4 Discussions 
 As show in Table 4-1, the average blood Hg level in study participants was 
approximately 2.693 μg/L and appears to be higher compared to CHMS Cycle 1-4 reports, with 
mean blood Hg levels ranging from 0.26-1.1 μg/L (Statistics Canada, 2017). CHMS reported 
blood Hg averages increases with respect to age, which is similar to biomonitoring findings. 
When stratified for age groups, biomonitoring participants comparable blood Hg levels that were 
reported in the CHMS (Statistics Canada, 2017). It is worth noting that CHMS excluded all 
Canadians who live within the 3 territories from participating the survey. Furthermore, all of the 
biomonitoring participants had blood Hg levels were considered safe as they were all below the 
20 ug/L threshold (Table 4-1) (Statistics Canada, 2013).  
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According to the Table 4-1, the average hair Hg level in the study population was about 
0.783 μg/g. Observational findings were comparable to those presented by Schaefer et al. (2014). 
Schaefer et al.’s study population had a similar age and sex distribution as well as frequency 
consumption of seafood, when compared to this biomonitoring project (Schaefer et al., 2014).  In 
addition, the average hair Hg levels for the 135 Florida residents who participated in Schaefer et 
al.’s study was 1.53 μg/g and is relatively higher than this biomonitoring’s study population 
(Schaefer et al., 2014). Similar to the blood biomarkers findings, all of the biomonitoring 
participants had safe hair Hg levels that were all below the 6 ug/g threshold (Table 4-1) 
(Statistics Canada, 2013). 
When comparing the two Hg biomarkers, both blood and hair were highly linearly 
correlated to one another (R=0.854). In addition, the concentration ratio between hair Hg to 
blood Hg was 336:1, when comparing the two exposure assessment methods. This ratio is 
comparable to concentration ratios set by the FDA and WHO, 250:1 and 250-300:1 respectively 
(US EPA, 2001; WHO, 1976). This was expected as Hg analysis in hair can be used to 
supplementary support Hg measurements in blood (Pirkle et al., 2016). Furthermore, 
biomonitoring findings suggests that the ideal hair length for Hg analysis is about 2-3 cm as the 
exposure windows for the two biomarkers appears to overlap.  
Based on the descriptive statistics in Table 4-1, the three most frequently consumed 
species of fish were whitefish (92%), lake trout (61%) and walleye (57%) with their reported 
mean consumption being 1.63, 1.28 and 1.19 times/week respectively. As for the remaining 6 
species of fish, less than half of the study population consumed them. Despite the absence of 
consumption for a majority of the fish species, the average consumption of all 9 fish species was 
4.3 times a week (Supplementary Table A-2). It is significantly greater compared to average 
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Canadian who consumes less than 7 kg of fish a year (2 servings a week) (Fisheries and Oceans 
Canada, 2018). Prior to conducting statistical analysis with respect to fish consumption, 
individual fish species were aggregated into the following two groups, non-piscivorous and 
piscivorous fish species. It is possible to use the overall consumption of all 9 fish species. 
However, aggregating individual fish species consumption based on non-piscivorous and 
piscivorous fish species may be optimal because piscivorous fish species in the Dehcho region 
have significantly greater amount of total Hg content compared to non-piscivorous fish (Reyes, 
2016). As previous literature have shown, higher trophic fish species are expected to have greater 
amounts of Hg through the process of biomagnification (Power et al., 2002). By combining the 
individual fish species into the two categories, this methodology may shed some light on Hg 
exposure with respect to non-piscivorous and piscivorous fish consumption. Although the 
exposure windows for FFQ and Hg biomarkers are different, it does not appear to be a limitation 
as there was no statistical differences in the study participants’ general fish consumption patterns 
over the course of the year. As shown in Supplementary Table A2, study participant’s overall, 
piscivorous and non-piscivorous fish consumption were all significantly greater when compared 
to their general fish consumption patterns. In addition, study participant’s overall, piscivorous 
and non-piscivorous fish consumption patterns were also positively correlated with general fish 
consumption patterns. As such, over-reporting bias may have been present but it would not have 
influenced statistical findings. 
As shown in Table 4-2 and Table 4-3, there appears to be no statistical differences 
between sex and Hg exposure in blood and hair respectively. Biomonitoring results appears to 
conflict with other literature finding as previous studies have shown to be statistical difference in 
both Hg exposure in blood and hair respectively (Schaefer et al., 2014; You et al., 2011). The 
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potential absence of association may be related to both sexes having similar fish consumption 
patterns. Previous studies have demonstrated that men were found to consume more fish per kg 
of body weight and carry higher concentrations of Hg in their hair (Schaefer et al., 2014). 
Conversely, the biomonitoring project did not find statistical differences in piscivorous, non- 
piscivorous and overall fish consumption patterns between the two sexes. As such, the 
contradictory findings suggests future studies to continue analyzing differences between sex. 
As shown in the simple linear regression models 1 and 2, age was positively associated 
with blood and hair Hg exposure levels respectively (Table 4-4). This demographic factor is 
known to have contradictory findings as some studies have found positive association between 
Hg in blood or hair (Dong et al., 2015; Mahaffey et al., 2004), but not present in others 
(Kosatsky et al., 2000; Schaefer et al., 2014). One potential explanation is that it may be related 
to differences in lifestyle or fish consumption patterns as a function of age (Dong et al., 2015). In 
a study conducted by Dong et al. (2015), older age participants (>51 years) were noted to have 
eaten more local fish(p<0.05), when compared to younger age participants (≤51 years old) (Dong 
et al., 2015). Furthermore, age is positively associated with Hg levels detected in the human 
body through chronic exposure (Laks 2009). 
According to the simple linear regression models 3 and 4, there appears to be no 
significant relationship between blood and hair Hg exposure levels with respect to non-
piscivorous fish consumption (Table 4-5). Similarly, simple linear regression models 5 and 6 
identified that there is no significant relationship blood and hair Hg exposure levels with respect 
to piscivorous fish consumption (Table 4-5). Compared to the biomonitoring project’s results, 
multiple past literatures present different findings as they found positive association with dietary 
fish or seafood consumption (Dong et al., 2015; Schaefer et al., 2014; You et al., 2014). Some of 
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the past literatures also conducted exposure models, in order to account for the specific 
differences in consumption patterns and Hg concentrations among food types (You et al., 2014). 
This allowed for identification of statistical difference in Hg exposure within the human body 
with respect to dietary intake. This biomonitoring study attempts to do so in a different process 
by breaking down the main source of dietary mercury into two parts, piscivorous and non-
piscivorous consumption frequency. As such, differences in statistical findings may also be 
related to differences in Hg exposure assessment methodology that was implemented. With 
respect to non-piscivorous fish species, the absence of association with study participants’ blood 
and hair Hg levels may be related to the relatively low levels of Hg found within them (Reyes, 
2016). In a study presented by Reyes (2016), the total Hg levels for non-piscivorous fishes 
harvested in the Dehcho region were all below 0.1 ppm, which is well below Canada’s standard 
permitted in retail fish (0.5ppm). This included species such as cisco, sucker and whitefish 
(Reyes, 2016). As such, the absence of association for non-piscivorous fish consumption may be 
related to negligible amounts of Hg that has bioaccumulated within these fish species, which 
makes it an insignificant contributing factor for dietary Hg exposure. It should be noted that all 
of the non-piscivorous fishes were reportedly consumed by less than a quarter of the study 
population, except for whitefish (92%). This may have influenced the generalizability of non-
piscivorous frequency consumption findings, when interpreting simple linear regression findings. 
It may also be worth considering the effects of cooking fish because culinary treatments such as 
boiling and frying can reduce the bioaccessibility as well as limit the potential impact of Hg 
exposure to the human body (Ouédraogo and Amyot, 2011). As such, variances in Hg 
bioaccessibility due to cooking may explain for the absence of association for study population’s 
piscivorous and non-piscivorous fish consumption with respect to internal Hg exposure levels.  
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4.5 Conclusion 
 When used together, both FFQ and regression modelling can be effective tools for 
exposure and risk assessments. These techniques are capable of characterizing the relationship 
between external exposure factors and the various Hg biomarkers (Elhamri et al., 2007; You et 
al., 2014). To the author’s knowledge, this multi-disciplinary biomonitoring project was the first 
attempt to assess the relationship between internal Hg concentrations and seafood consumption 
patterns among the Dehcho and Sahtú  regions of NWT, through the use of FFQ and simple 
linear regression modelling. This Hg cross-sectional biomonitoring study determined that the age 
factor alone was statistically significant and has a positive relationship with blood and hair Hg 
exposure levels within the Dene and Métis communities from the Dehcho and Sahtú regions. 
Individually, sex, frequency consumption of piscivorous and non-piscivorous fish species were 
statistically insignificant factors. For future studies, implementing a different exposure model, 
based on the food types’ mass and standardized Hg concentration, may also be effective in 
determining the relationship between dietary consumption patterns and internal Hg exposure 
levels. Furthermore, this biomonitoring project can allow future longitudinal studies to compare 
changes to dietary consumption patterns and internal Hg exposure levels over time. As such, this 
research can assist future studies by establishing a baseline level for internal Hg levels within the 
Dehcho and Sahtú regions of NWT. 
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Appendix A- Supplementary Tables and Figures 
 
Supplementary Figure A1. Map of Dehcho and Sahtú regions of Northwest Territories. 
(Indigenous and Northern Affairs Canada, 2013) 
 
 
Supplementary Figure A2. Example Images of FFQ Survey questions 
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Supplementary Table A1.  Example Calculation for Project Participant’s Piscivorous and Non- 
Piscivorous Consumption 
 
 
Note: 1. The aggregate consumption patterns for piscivorous fish species per week, which 
includes inconnu, lake trout, loche, northern pike, and walleye; 2. The aggregate consumption 
patterns for non-piscivorous fish species per week, which includes cisco, grayling, sucker and 
whitefish were aggregated into non-piscivorous fish consumption patterns 
 
 
Supplementary Table A2.  Summary statistics of participants’ fish consumption. Overall 
aggregate is the sum of all the fish species specific frequency consumption per week. Predatory 
aggregate is the sum of lake trout, walleye, and northern pike consumption per week. Non-
predatory aggregate is the sum of whitefish, inconnu, cisco, loche, grayling and sucker 
consumption per week. 
 
Statistic Mean Std. Pctl(25) Pctl(50) Pctl(75) 
General Fish Consumption (times/wk) 1.255 1.151 0.500 1.500 1.500 
Overall Aggregate (times/wk) 4.310 3.859 1.500 3.000 6.000 
Non- Piscivorous (times/wk) 1.943 1.837 0.500 1.500 3.000 
Piscivorous (times/wk) 2.367 2.500 0.5 1.500 3.750 
Subject Piscivorous1   Inconnu Lake Trout   Loche N. Pike Walleye 
SUB001 3.5 0.5     1.5 0.5    0.5             0.5  
 
 
     
Subject Non-Piscivorous2    Cisco Grayling Sucker Whitefish 
SUB001                   3      0.5       0.5     0.5     1.5 
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Supplementary Figure A3. Residual plots of model 1. Residual vs Fitted and Scale-location 
plots for model 1 show homoscedacity, as there is unequal variability and spread across the range 
of values. Q-Q plots indicates that sample dataset is slightly skewed left as there is the presence 
of a left tail. Residual vs Leverage plots indicate absence potential influential cases as all of the 
values lie within Cook’s distance of 0.5.  
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Supplementary Figure A4. Residual plots of model 2. Residual vs Fitted and Scale-location 
plots for model 1 show homoscedacity, as there is unequal variability and spread across the range 
of values. Q-Q plots indicates that sample dataset is slightly skewed right as there is the presence 
of a right tail. Residual vs Leverage plots indicate absence potential influential cases as all of the 
values lie within Cook’s distance of 0.5.  
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Supplementary Figure A5. Residual plots of model 3. Residual vs Fitted and Scale-location 
plots for model 1 show homoscedacity, as there is unequal variability and spread across the range 
of values. Q-Q plots indicates that sample dataset is slightly skewed left as there is the presence 
of a left tail. Residual vs Leverage plots indicate absence potential influential cases as all of the 
values lie within Cook’s distance of 0.5.  
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Supplementary Figure A6. Residual plots of model 4. Residual vs Fitted and Scale-location 
plots for model 1 show homoscedacity, as there is unequal variability and spread across the range 
of values. Q-Q plots indicates that sample dataset is slightly skewed as there is the presence of 
tails on both ends. Residual vs Leverage plots indicate absence potential influential cases as all 
of the values lie within Cook’s distance of 0.5.  
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Supplementary Figure A7. Residual plots of model 5. Residual vs Fitted and Scale-location 
plots for model 1 show homoscedacity, as there is unequal variability and spread across the range 
of values. Q-Q plots indicates that sample dataset is slightly skewed left as there is the presence 
of a left tail. Residual vs Leverage plots indicate absence potential influential cases as all of the 
values lie within Cook’s distance of 0.5.  
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Supplementary Figure A8. Residual plots of model 6. Residual vs Fitted and Scale-location 
plots for model 1 show homoscedacity, as there is unequal variability and spread across the range 
of values. Q-Q plots indicates that sample dataset is skewed as there is the presence of tails on 
both ends. Residual vs Leverage plots indicate absence potential influential cases as all of the 
values lie within Cook’s distance of 0.5.  
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5. The In Vitro Bioaccessibility of Mercury in Uncooked and Dried Whitefish 
5.1 Introduction  
Traditional foods consumption such as fish play an integral role to the Indigenous 
communities of the NWT, in terms of cultural importance and health benefits (Donaldson et al., 
2010; Van Oostdam et al. 2005).  Alongside market food consumption, Dene and Métis 
communities hunt, trap, fish and prepare traditional foods from their local surroundings (Food 
Safety Network, 2009; NWT Health and Services, 2002). Fish is an important traditional food 
source for Indigenous communities; edible flesh portion of the fish are often prepared by either 
boiling, drying, frying or smoking (Kuhnlein and Humphries, 2017; NWT Health and Services, 
2002). In addition, traditional food preparation methods of fish can vary between one community 
to another (Kuhnlein and Humphries, 2017). Within the Sahtú region of NWT, community 
members in Fort Good Hope consume raw and baked loche while communities in Tlicho have 
their own specific drying preparation for loche (Kuhnlein and Humphries, 2017). 
Fish can supply a large source of protein, omega 3-fatty acids and they are also a source 
of important micronutrients (Donaldson et al. 2010; Fediuk et al. 2002; Laird et al. 2013; 
Kuhnlein et al., 2006; Kuhnlein and Humphries, 2017; Kuhnlein and Receveur 2007). Dietary 
consumption of fish can also increase an individuals’ exposure to MeHg (Burger et al., 2011; 
Golding et al., 2013; Gribble, et al., 2015; Hu et al., 2014; Kuhnlein and Chan, 2000; Laird et al., 
2009; Laird and Chan, 2013; Ysart et al., 2000). However, only the bioavailable fraction of Hg is 
capable of eliciting its toxicodynamic effects(Fernández-García et al., 2009). 
In risk assessment, exposure models conservatively estimate dietary Hg to be completely 
bioaccessible because of the difficulty to determine Hg bioavailability with a high degree of 
certainty (Siedlikowski et al., 2016). This can result in an overestimation of risk associated with 
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traditional foods (ATSDR, 1999; Bradley et al., 2017; Laird et al., 2009). Studies have shown 
that MeHg’s bioaccessibility in fish can vary greatly and be less than 100%, based on various in 
vitro models findings (Bradley et al., 2017; Ouédrago and Amyot, 2011; Maulvault et al., 2015). 
In a study presented by Laird et al., (2009), researchers have found Hg bioaccessibility to be 
independent from Hg concentration in country foods. In contrast, Siedlikowski et al. have found 
a negative correlation between initial Hg concentration in seafood and Hg bioaccessibility 
(2016). Additionally, fish cooking and preparation methods can affect bioaccessibility. For 
example, boiling and frying fish can reduce Hg bioaccessibility compared to uncooked 
(Ouédraogo and Amyot, 2011). Past literature have found Hg concentrations in dried fish jerky 
to be greater than 0.5 μg/g, which is above Health Canada’s guideline for commercial 
distribution of seafood (Hightower and Brown, 2011). However, information about the process 
of drying fish and its affect on Hg concentration and Hg bioaccessibility remains unclear. In 
addition, it is unknown whether dried fish by smoking (dried/smoked), a cooking method used 
by communities within the Dehcho and Sahtù regions, has any influences on fish Hg 
concentration as well as Hg bioaccessibility (Kuhnlein and Humphries, 2017; NWT Health and 
Services, 2002). Past literature have also shown co-administration of tea or coffee with raw fish 
samples can also reduce Hg bioaccessibility (Ouédraogo and Amyot, 2011).IVBA model design 
may play a role in determining Hg bioaccessibility (Hur et al., 2011). For example, a model’s 
digestive chemical composition may influence Hg bioaccessibility (Hur et al, 2011). Other 
physiochemical factors include the phases of digestion, solid food sample/ digestion liquid (S/L) 
ratio, digestion time, and pH for each digestive phase (Hur et al., 2011; Maulvault et al., 2011; 
Shi et al., 2017). Furthermore, agitation methods (and the degree of agitation during each 
digestive phase) may indirectly influence a toxicant’s solubility (Alegría et al., 2015).  
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The objective of the present study was to characterize Hg concentration and Hg 
bioaccessibility in lake whitefish (Coregonus clupeaformis). In terms of wild-harvested 
freshwater fish, whitefish is one of the most commonly consumed species of fish within the 
Dehcho and Sahtú regions (Kuhnlein et al., 1994; Kuhnlein and Humphries, 2017; NWT Health 
and Services, 2002). In addition, this study explored the differences in Hg bioaccessibility 
between dried/smoked and uncooked whitefish samples. Therefore, the proposed study will 
attempt to provide more information Hg bioaccessibility with respect to culinary methods used 
within the Dehcho and Sahtù regions. The goal of this research is to provide more information 
about Hg bioaccessibility such that it is no longer necessary to assume dietary Hg is completely 
bioavailable, for future exposure models.  
5.2 Methods  
5.2.1 Whitefish Samples 
Five whole whitefish (originating from Lake Huron) were purchased from Caudle’s 
Catch Seafood (Kitchener-Waterloo, ON). All of the whitefish samples came from the Lake 
Huron. The fork length for each whitefish were reported to the nearest mm (Supplementary 
Table B1). The project compared Hg content between whitefish caught from Lake Huron and 
other literature findings that determined Hg content within whitefish samples from the Dehcho 
region. 
5.2.2 Whitefish Sample Preparation Methods 
With the assistance of Dr. Heidi Swanson, the whitefish samples were prepared using a 
modified version of the traditional methods (Supplementary Figure B1). Using a sharp knife, the 
whitefish was decapitated from an inch behind its gills. On the dorsal side of the whitefish, the 
knife was ran down its spine, in order to separate the two fillets and the innards as well as spine 
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of the fish were removed. Finally, the knife was ran along the whitefish’s skin to remove its 
edible muscle portions. The fillet was divided into the upper and lower half of the lateral line. 
From the upper half of the lateral line, the edible muscle was sectioned for different fish 
preparation methods. The anterior section of the whitefish was left uncooked. The posterior 
section of the whitefish was left to be dried in a wood smoker overnight, at 100 °F (37.8 °C). All 
samples were weighed and moisture content were reported (Table 5-1). Samples were 
homogenized and stored at -20°C, prior to further analysis.  
5.2.3 Single Phase, Gastric-Only, Static IVBA Methods 
Both uncooked and dried/smoked whitefish sample portions underwent a single phase, 
gastric-only, static IVBA model that was adapted from Palaniyandi (2016). In summary, 2 ± 0.2 
g of homogenized fish tissue was weighed out and placed inside 50mL serum bottles. 30mL 
Synthetic gastric juices (pH=1.5) was inserted into the tubes (Liquid: Solid ratio of 15:1). Gastric 
mixture was titrated to a pH=2 ± 0.2 using HCl (0.5M). Serum bottles was placed in an orbital 
shaker for 3hrs at 180rpm at 37°C. Synthetic juices contained HCl (Omnitrace®, pH=1.5) 
porcine Pancreatin (Sigma Aldrich®, 6g/L) and NaCl (8.5g/L) in MilliQ water. Afterwards, the 
gastric mixture was filtered through a 0.45μm PTFE membrane filter and 50mL glass syringe. 
Samples were stored at -80°C prior to analysis.  
5.2.4 Mercury Concentration Analysis Methods 
For uncooked and dried/smoked whitefish sample portions that did not undergo gastric 
digestion (5.2.2), Hg concentrations were determined using a mercury analyzer RA-915M with 
pyrolyzer PYRO-915+ (Ohio Lumex, British Columbia, Canada). Mercury analysis was 
completed through thermal decomposition followed by atomic absorption spectroscopy, as 
outlined in US. EPA method 7473. To validate the batch analysis, a calibration standard (RPM-
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043QC) and standard reference material (US.NRC DORM-4, fish protein) was run at the 
beginning and end of every batch of 40 samples, with no less than 3 blank runs in each sample 
batch. Uncooked and dried/smoked whitefish samples were ran in triplicate. The limit of 
detection of Hg in whitefish samples was 0.02 mg/kg. Concentrations were expressed on a wet 
weight basis. 
5.2.5 Mercury Bioaccessibility Analysis Methods 
For uncooked and dried/smoked whitefish sample portions that underwent gastric 
digestion (5.2.3), Hg concentrations in the aqueous solution was determined using a mercury 
analyzer RA-915M with pyrolyzer PYRO-915+ (Ohio Lumex, British Columbia, Canada). 50μL 
of aqueous solution was added to 50mg non-iodated carbon which acts as a solid matrix. 
Mercury analysis was completed through thermal decomposition followed by atomic absorption 
spectroscopy, as outlined in US. EPA method 7473. To validate the batch analysis, a calibration 
standard (RPM-043QC) was run at the beginning and end of every batch of 40 samples, with no 
less than 3 blank runs in each sample batch. Uncooked and dried/smoked whitefish samples were 
ran in triplicate. The limit of detection of Hg in aqueous solution was 0.5 μg/L.  
Bioaccessibility was calculated with the following equation below. Excel 2017 and its 
statistical data analysis software package were used to generate statistical results. The null 
hypothesis is that there is no statistical difference in the % of Hg bioaccessibility between the 
raw unprepared samples and the dried/smoked whitefish samples. The alternative hypothesis is 
that there is a statistical difference in Hg bioaccessibility, between uncooked and dried/smoked 
whitefish samples. 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑃𝑃𝑃𝑃𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑃𝑃𝑏𝑏 =  [𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑃𝑃 𝑏𝑏𝑃𝑃 𝑑𝑑𝑏𝑏𝐻𝐻𝑃𝑃𝑏𝑏𝑃𝑃𝑃𝑃𝑑𝑑 𝑤𝑤ℎ𝑏𝑏𝑃𝑃𝑃𝑃𝑖𝑖𝑏𝑏𝑏𝑏ℎ     𝑚𝑚𝐻𝐻/𝑘𝑘𝐻𝐻][𝐻𝐻𝐻𝐻 𝑏𝑏𝑃𝑃 𝑏𝑏𝑃𝑃𝑏𝑏𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏 𝑤𝑤ℎ𝑏𝑏𝑃𝑃𝑃𝑃𝑖𝑖𝑏𝑏𝑏𝑏ℎ 𝑏𝑏𝑏𝑏𝑚𝑚𝑠𝑠𝑏𝑏𝑃𝑃   𝑚𝑚𝐻𝐻/𝑘𝑘𝐻𝐻]  ∗  100 
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5.3 Results   
5.3.1 Summary Statistics of Whitefish Samples 
On average, the fork length of the 5 whole whitefish were 485.8 ± 13.9mm 
(Supplementary Table B3). The average mass for portioned uncooked and dried/smoked 
whitefish samples were recorded (Table 5-1). Once the drying process was completed, the 
average initial mass of dried/smoked whitefish samples (48.25g ± 9.13g) was reduced (22.5g ± 
7.57g). As a result, dried/smoked whitefish samples only retained 45.53% ± 7.12 % of the 
original mass, after culinary treatment.  
Table 5-1. Mass of dried and uncooked whitefish samples 
 
Culinary Treatment      N               Mass Before     Mass After              Mass  
Culinary Treatment(g)      Culinary Treatment(g)           Retained (%) 
 
 
Uncooked 5 36.87 ±6.85 NA                             NA 
  
Dried 5 48.25 ±9.13 22.5 ±7.57                  45.53 ±7.12  
5.3.2 Mercury Concentration of Uncooked and Dried Whitefish 
 Initial and bioaccesible Hg concentrations for uncooked and dried/smoked whitefish 
samples were reported (Table 5-2). Prior to gastric digestion phase, uncooked whitefish samples 
had an initial Hg concentration of 0.080 ± 0.036 mg/kg. For dried/smoked whitefish samples, 
samples had an initial mercury concentration of 0.194 ± 0.068 mg/kg which appears to be 
statistically greater than uncooked whitefish samples (p=0.002) (Table 5-3). Once mass/moisture 
loss was accounted for, initial Hg concentrations between dried/smoked and uncooked whitefish 
were not statistically different (p>0.05), prior to culinary treatment (Table 5-4). 
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Table 5-2. Mercury concentration and bioaccessibility in dried and uncooked whitefish.  
 
Culinary Treatment initial Bioaccessible Bioaccessible 
 
                (mg/kg)            (mg/kg)         (%) 
 
Uncooked 0.080 ±0.036aA      0.081 ±0.039aA      101.56 ±6.95A 
Dried 0.194 ±0.068aB     0.101 ±0.038aB 52.65 ±5.59B 
 
Note: Different lowercase letters in the same row indicate significant differences between the 
initial and bioaccessible fractions (p < 0.05); different capital letters in the same column indicate 
significant differences between treatments (p < 0.05). 
Table 5-3. Paired T-test of initial Hg concentrations in dried and uncooked whitefish samples. 
 
Culinary Treatment Dried Uncooked 
Mean [Hg ](mg/kg) 0.194 0.080 
Standard Deviation (mg/kg) 0.068 0.036 
Observations 5 5 
Difference between mean   
Hg [Hg] (mg/kg) 0.114  
df 4  
t- value 7.374  
p- value 0.002  
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Table 5-4. Paired T-test of initial Hg concentrations in dried and uncooked whitefish samples, 
when changes to mass/moisture during drying process is accounted for. 
Culinary Treatment Dried Uncooked 
Mean [Hg ](mg/kg) 0.0901 0.080 
Standard Deviation (mg/kg) 0.045 0.036 
Observations 5 5 
Difference between mean   
Hg [Hg] (mg/kg) 0.01  
df 4  
t- value 2.776  
p- value 0.061  
Note: 1. Expected initial Hg concentration of dried/smoked whitefish samples, prior to culinary 
treatment and reduction in expected mass due to moisture loss. 
5.3.3 Mercury Bioaccessibility of Uncooked and Dried Whitefish 
As stated in Table 5-2, the bioaccessible Hg concentration of uncooked whitefish samples 
was 0.081 ± 0.039 mg/kg and was not statistically different compared to its initial Hg 
concentration (p=0.701) (Table 5-5). As such, the estimated Hg bioaccessibility for uncooked 
whitefish was 101.56 ± 6.95% (Table 5-2). In contrast, the bioaccessible Hg concentration of 
dried/smoked whitefish was 0.101 ± 0.038 mg/kg and was significantly reduced compared to its 
initial concentration (p=0.003) (Table 5-6). Therefore, Hg bioaccessibility for dried/smoked 
whitefish is 52.65% ± 5.59% (Table 5-2). When comparing the two culinary treatments, Hg 
bioaccessibility in dried/smoked whitefish was significantly reduced in uncooked whitefish 
(p<0.001) (Table 5-7).  
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Table 5-5.  Paired T-test of initial and bioaccessible Hg concentrations in uncooked whitefish 
samples. 
 
Culinary Treatment Bioaccessible Initial 
Mean [Hg ](mg/kg) 0.081 0.080 
Standard Deviation (mg/kg) 0.039 0.036 
Observations 5 5 
Difference between mean   
Hg [Hg] (mg/kg) 0.001  
df 4  
t- value 0.413  
p- value 0.701  
Table 5-6.  Paired T-test of initial and bioaccessible Hg concentrations in dried whitefish 
samples. 
 
Culinary Treatment Bioaccessible Initial 
Mean [Hg ](mg/kg) 0.101 0.194 
Standard Deviation (mg/kg) 0.068 0.038 
Observations 5 5 
Difference between mean   
Hg [Hg] (mg/kg) -0.093  
df 4  
t- value -6.266  
p- value 0.003  
Table 5-7.  Paired T-test of Hg bioaccessibility in dried and uncooked whitefish samples 
 
Culinary Treatment Dried Uncooked 
Mean Hg Bioaccessibility (%) 52.65 101.56 
Standard Deviation (%) 5.59 6.95 
Observations 5 5 
Difference between mean   
Hg Bioaccessibility (%) -48.90  
df 4  
t- value -14.062  
p- value 0.0001  
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5.4 Discussions  
 As shown in Table 5-2, uncooked whitefish samples had an initial Hg concentration of 
0.080 mg/kg and were similar to whitefish caught from lakes within the Dehcho region (0.073 
mg/kg) (Reyes et al., 2017). As such, subsequent statistical findings from this research may also 
be applicable. In comparison to uncooked whitefish samples, initial Hg concentrations in 
dried/smoked whitefish were not statistically different. Despite having a higher initial Hg 
concentration, the statistical difference was likely related to the moisture content differences and 
reduction in mass that occurred during the drying process. Past literature have shown that 
differences in culinary processes can influence the overall moisture content and mass 
(Ouédraogo and Amyot, 2011). In a previous study conducted by Ouédraogo and Amyot (2011), 
moisture content was reduced in fried tuna (Thunnus thynnus), cat shark (Scyliorhinus canicular) 
and Spanish mackerel (Scomberomorus maculatus) samples when compared to raw samples. 
Once accounted for, the study found were no statistical differences between raw and fried 
samples (Ouédraogo and Amyot, 2011). Similar findings were also observed for meagre 
(Argyrosomus regius) and salmon (Salmo salar), according to past literatures (Afonso et al., 
2015; Costa et al., 2015). This indicates that the drying process can increase total Hg 
concentration in whitefish samples due to moisture loss. 
According to Table 5-2, 102% of the mercury content present in uncooked whitefish was 
bioaccessible. When comparing to other past literature, the Hg bioaccessibility in raw whitefish 
was comparable to other raw cat shark (80%), meagre (87%), salmon (80%) Spanish mackerel 
(77%) and tuna (75%) samples (Afonso et al., 2015; Costa et al., 2015; Ouédraogo and Amyot, 
2011). Despite whitefish being a lower trophic species and initial Hg concentration, past 
literature have noted a negative correlation between initial Hg concentration in seafood and Hg 
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bioaccessibility (Siedlikowski et al., 2016). As such, it appears that all of the Hg content found 
present uncooked whitefish have the potential to be absorbed. 
In contrast, Hg bioaccessibility for dried/smoked whitefish was 53% (Table 5-2). Similar 
trends were also observed with various culinary treatments, which included boiling, frying, 
grilling, and roasting and steaming (Afonso et al., 2015; Costa et al., 2015; Ouédraogo and 
Amyot, 2011). For instance, less than 40% and 20% of the Hg content present in boiled and fried 
tuna samples were bioaccessible respectively (Ouédraogo and Amyot, 2011). This was also true 
for cat shark and Spanish mackerel samples treated with the same culinary treatments 
(Ouédraogo and Amyot, 2011). Heat and protein denaturation may be a potential mechanism that 
explains for the observed reduction in Hg bioaccessibility. It is likely that the drying process 
introduces heat and leads to the formation of modified and denatured Hg-protein complexes. As 
such, culinary treatments, such as grilling and roasting, can render Hg-protein complexes less 
available for solubilisation potentially due to reduced protease affinity and efficacy (Afonso et 
al., 2015; Costa et al., 2015; Ouédraogo and Amyot, 2011). Although further studies are 
warranted, particularly with different fish species, in order to validate and generalize the effects 
of drying and Hg bioaccessibility. Therefore, about half of the Hg content found in dried/smoked 
whitefish samples was solubilized and ready to be absorbed, upon gastric digestion. Despite the 
reduction in Hg bioaccessibility, the bioaccessible Hg concentration in dried/smoked whitefish 
was 1.26x greater compared to uncooked whitefish samples. Compared to uncooked whitefish 
samples, the loss of moisture mass allowed for the increased in Hg relative concentration within 
the dried/smoked whitefish samples but not total Hg content. As such, greater amounts of edible 
dried/smoked whitefish flesh and total Hg content were sampled, digested and examined. 
Therefore, the overall Hg content that has solubilized in aqueous solution was greater in 
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dried/smoked samples. Overall, whitefish consumption does not present a concern for general 
seafood consumption as it would require a 70kg individual to consume more than 7 servings/wk 
of dried/smoked whitefish to exceed their pTWI (1.6 μg/kg/wk) (Statistics Canada, 2013). 
5.5 Conclusion  
As demonstrated by this in vitro bioaccessibility study involving whitefish, IVBA models 
can be an effective tool for characterizing Hg content and bioaccessibility in food. This 
technique recognizes that seafood source and food preparation methods can influence Hg 
bioaccessibility, which could potentially play a role in identifying the relationship between 
dietary exposure factors and internal Hg exposure (You et al., 2014). For this particular IVBA 
model, this study observed no statistical differences in Hg concentrations found within uncooked 
and dried/smoked whitefish. Furthermore, Hg bioaccessibility in dried/smoked whitefish was 
significantly lower compared to uncooked whitefish samples. Reduction in Hg bioaccessibility 
may be the result of changes in Hg-protein complexes and protein denaturation, from applying 
culinary treatment. Exposure assessments that incorporate the effect of food drying on mercury 
content of those foods may need to also consider the changes in bioaccessibility that result from 
the moisture loss. As such, bioaccessibility findings suggest source apportionment models that 
incorporate differences in Hg concentration between raw and smoked/dried fish may also need to 
account for the corresponding difference in bioaccessibility. In addition, it might not be 
necessary to assume Hg bioaccessibility, a conservative estimate for bioavailability, to be 100% 
as bioaccessibility findings have shown that culinary factors can play a role in reducing Hg 
bioaccessibility. Further research is required to determine whether bioaccessibility findings have 
an impact on source apportionment models and how Hg bioaccessibility differences due to 
cooking methods can also be implemented within human exposure assessments. Despite the 
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bioaccessible Hg concentration in dried/smoked whitefish was higher compared to uncooked 
samples, both concentrations do not present a concern for most general seafood consumption. 
For future directions, both in vitro Hg bioaccessibility and in vivo Hg bioavailability studies are 
necessary for further generalizability of differences observed with culinary treatments by also 
using different fish species. When used together, bioaccessibility and bioavailability methods 
have the potential to bridge the gap between external Hg exposure sources and internal Hg 
exposure levels.  
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Appendix B- Supplementary Tables and Figures 
 
Supplementary Table B1. Whitefish samples fork length. 
 
 
Species            N                     Average    Minimum              Maximum  
   Fork Length (mm)           Fork Length (mm)         Fork Length(mm) 
 
Whitefish 5 485.8 ±13.4                                    470                                   502  
 
 
 
Supplementary Figure B1. Whitefish samples fork length. 
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6. Thesis Conclusion 
In summary, this thesis project established a baseline measure for Hg exposure within the 
participating Indigenous communities of the Dehcho and Sahtú regions of the NWT. With the 
use of FFQ and simple regression models, this study found that the participants’ internal Hg 
exposure levels were well within guidance values provided by Legrand et al. (2010). Study 
findings have also identified age to be positively associated with Hg exposure levels in blood and 
hair, for the participating Dene and Métis population in the Dehcho and Sahtú regions. Linear 
regression findings also found no statistical association between fish consumption with Hg 
exposure levels in blood and hair. This thesis project also conducted in vitro bioaccessibility 
assessments to address a potential mechanism that can link external dietary Hg exposure sources 
with internal Hg exposure levels seen amongst individuals and communities. Based on in vitro 
bioaccessibility findings, dried/smoked whitefish samples carry the same initial concentration of 
Hg as uncooked samples which were safe for the general consumption (CFIA, 2014). In addition, 
Hg bioaccessibility in dried/smoked whitefish was significantly reduced because of changes in 
Hg-protein complexes and protein denaturation, from applying culinary treatment. As such, it 
may be warranted to survey fish culinary preparation methods within future biomonitoring 
studies and integrate them within regression models, in order to characterize Hg exposure levels 
seen in blood and hair biomarkers. To do so, further segregation of total fish consumption by 
culinary preparation may be an appropriate solution. IVBA models and bioaccessibility findings 
can serve as a supplementary exposure assessment tools alongside with direct biomonitoring of 
Hg exposure. Although, there is still a need for more research to accurately determine Hg 
bioaccessibility. Future exposure assessments and source apportionment models should 
incorporate Hg bioaccessibility findings. Together, future Hg biomonitoring and bioaccessibility 
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studies can attempt to account for food type and cooking method into the source apportionment 
model’s calculation and characterize its impact on human exposure. It is possible to examine the 
relationship between internal Hg exposure levels detected in biomarkers and the external 
exposure estimates that have accounted for the differences in Hg concentration and 
bioaccessibility due to drying. This would verify the effectiveness of incorporating Hg 
bioaccessibility differences due to food preparation methods within source apportionment 
models. Together, Hg biomonitoring and bioaccessibility studies may be useful for not only 
characterizing Hg exposure risks but also for promoting increased country foods consumption. 
In terms of future directions for Hg biomonitoring within the Indigenous communities of 
NWT, there will be a need to expand the study population size and it is ideal to recruit more 
communities within the Dehcho and Sahtú regions. With a larger dataset, it may lead to further 
improvement and development of linear regression models capable of characterizing Hg 
exposure. Aside from obtaining a larger dataset, future studies that build upon this work should 
also explore other source apportionment models and how dietary Hg sources are coded within 
the linear regression models. Instead of surveying consumption patterns based on frequency, it 
may be more appropriate to inquire about fish consumption patterns based on mass and 
standardizing the consumed mass with respect to expected Hg concentration for each fish 
species. Furthermore, inclusion of fish culinary methods within regression models may improve 
linear regression models’ ability to characterize Hg exposure patterns found in blood and hair 
biomarkers. This may provide a more accurate depiction of dietary Hg exposure sources and its 
relationship to internal Hg exposure levels.   
In terms of future directions for Hg bioaccessibility in whitefish, there is a need to 
validate drying and other culinary preparation methods using different fish species. Although not 
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well established, it is also possible to explore the potential effects that co-consumption of certain 
country foods and beverages, such as berries or tea. This may also provide better insight for other 
traditional food preparation methods and can serve as a foundation for safe consumption of 
country food. In addition to the future in vitro bioaccessibility studies, it is also necessary to 
propose in vivo bioavailability studies for Hg to validate that bioaccessibility findings are not just 
artifacts. Both routes are potential avenues that can help improve our current understanding 
about dietary Hg exposure, characterize Hg exposure within biomarkers and promote continue 
consumption of country foods. 
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